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Si'iri/i.i-SiJillHintii. 


one sign* of the Zodiac to the next. A solar year consists of 
twelve solar months ; ancl this is called a day of the Gods. 

14. An Ahoratra (day and night) 
th^Cur-mliJD•won*' 1 "' ° f of tlie Gods a ' )cl tllat of the Demons 
are mutually the reverse of each other, 
(viz. a, day of the Gods is the night of the Demons ; and con- 
versly, a night of the Gods is the day of the Demons). Sixty 
Ahoeatras, multiplied by six, make a year of the Gods and 
Demons. 


15 & 16. The time containing twelve 
xugw° le ' st ' 1 ° f n 8veilfc thousand years of the Gods is called a 
Chaturycga (the aggregate of the four 
yugas, Krita, Treta, Dwapaea and Kali). 

These four yugas including their Sandiiya-]- and San- 
dhya'ns a contain 4,320,000 solar years. 

The numbers of years included in these four small yugas are 
proportional to the numbers of the legs of DhakmaJ (virtue 
personified). 

17. The tenth part of 4,320,000 
the number of years in a great yuga, 
multiplied by 4, 3, 2, 1 respectively 
make up the years of each of the four yugas, Krita and others, 
the years of each yuga include their own sixth part, which is 
collectively the number of years of Sandhya and Sandhyans'a, 
(the periods at the commencement and expiration of each yuga) . 

Tl,e length of a period 18 ‘ (According to the technicality of 
called Maku and that of its the time called MOrta,) 71 great YUGAS 
SaNDHI ' (containing 306,720,000 solar years) 

constitute a Manwantara (a period from the beginning of a 


* It is to be observed here that the signs Aries, Taurus, &c., are reckoned 
from the star Bevati (f Piseium,) and a solar year corresponds to a sidereal 
year. B. D. 

-j- These two words will be explained in the sequel. B. I). 

$ It is stated that Dharma stands with four legs in the Krita, with three 
legs in the Treta, with two logs in the Dwapaea ;md with one leg iu the Kali. 
Therefore the number of the years of the Kkita, Theta, Dwapaea, and Kali 
are proportional to 4, 3, 2 and 1 respectively. J>. J). 
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26. Therefore, the motions of the planets appear towards 
the east, and their daily motions determined by their revolutions 
(by applying- the rule of proportion to them) are unequal 
to each other, in consequence of the circumferences of tlieir 
orbits ; and by this unequal motion, they pass the signs (of the 
. I^odiac.) 

27. The planet which moves rapid- 
voStion" 0 °'' a sl<3ereal ie ’ ly, requires a short time, to pass the 
signs (of the Zodiac,) and the planet 
that moves slowly, passes the signs (of the Zodiac) in a long ■ 
time. Biiagana means that revolution through the signs (of 
the Zodiac which a planet makes by passing round) up to the 
end of the true place of the star called Rkvati (£ Piscium, from 
winch end they set out.) 

The circnl-u- measures 28. Sixty ViKALXs (seconds) make 

a Kala (a minute) and sixty minutes 
constitute an Ansa (a degree.) A Rasi (a sign) consists of 
thirty degrees and just twelve Basis (signs) make a Bhagana 
(revolution.) 

29. In a great tuga each of the 
The number of revolutions p] aue {; S the Sun, Mercurv, Venus and 

of the Sun, Mercury, Venus, 1 ■ ’ ’ ’ 

ond the STghrochcho of the S'lGHROCIICHA (i. e. the farthest 
in^ great yvga? U 61 point from the centre of the Earth in 

the orbit of each of the planets) of 
Mars, Saturn and Jupiter moving towards the east make 
.4,320,000 revolutions (about the Earth). 

30. There are 57,753,336 revolu¬ 
tions of the Moon and 2,296,832 revo¬ 
lutions of the planet Mars. 

31. There are 17,937,060 rcvolu- 
Of Mercury sSlglu-ochclia tions of the S'fcurnociiciiA of tlic planet 


the planet Jupiter. 




Translation of the 


32. There are 7,022,376 revolu¬ 
tions of the S’lOiiROCitCHA of'tTie planet 
Venus* and 146,508 revolutions of 

33. In a great, ytjca, there are 
48b,203 revolutions of the Moon'*. 
Masdociicha (ajiofee,) and the number 

of the retrograde revolutions of the Moon's ascendum- node 
is 232,238. 

Number of sidereal revo- " , , ' , "* ; 3 ^ 3 ~ 

lmions and the mode of al revolutions m a great NCOA (a sidereal . 
of the^n^’in a YVG^" S5 revolution is the time from one rising 
of a star to the next at the equator and 
it is a sidereal day as mentioned in the twelfth Sioka.) These 
sidereal revolutions diminished by each planet’s own revolutions 
(before mentioned) are its own risings in a. great yoga. 

35. The number of Lunar months' 

The mode of finding the . , , ,, , ,, 

No. of Lunar months and 1S equal to the difference between the 

in additiVe m0 " lh9 reTOlllfeionS of tbe alul those of 

the Sun; and the remainder of the 
Lunar Months lessened by the Solar months is the number of 
Adhimasas (additive months.) 

36. If the Savana (terrestrial) days 

The mode of finding the . , , , P , n T n 

No. Of subtractive day8° in a be subtracted from the Lunar days, 
xuqa and the definition of ph e remainder constitute the days 
a terrestrial dav. 

called the Tithi-kshaya (subtractive 
days.) There the Savana days are those in which a Savana 
day or terrestrial! day is equal to the time from sun-rise to 
sun-rise (at the equator). 

37. There are 1,577,917,828 terres- 
^ No. of terrestrial and lunar trfa j dayg and 1,603,000,080 lunar days 

in a great yitga. 

* The revolutions of the Sighrodichns of Mercury and Venus correspond fo 
their revolutions about the Sun. B. 1). 

t A terrestrial day is that which the English call a solar day. B. D. 


O f Vc n n s’s S Tgl i rod i d la 


the planet Saturn. 


Of Moon’s Apogee and 





Si'mia-Sidilltdnta. 
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From the number of these elapsed days, the Rulers of the 
present day month and year can he known (by reckoning the 
order of them) from the Sun. 

Divide the number of elapsed ter¬ 
restrial days by 7, and reckoning the 
, remainder from the sun-day, the Ruler 

of the present day will be found. 

To find the Eulers of the the htumber of elapsed 

present terrestrial month and ' terrestrial days by the number of days 
3eal ' in a month and by that in a year (i. e. 

by 30 and 360) multiply the quotients (rejecting the remainders) 
bjr 2 and 3 respectively, and increase the products by 1. 
Divide the results by 7, and reckoning (the order of the Rulers) 
from the Sun, the remainders will give the Rulers of the 
present (terrestrial) month and year respectively. 


lunar months Chaitra, &c., considering them as solar, he added: the sum is the 
elapsed solar months up to the time when the Sun enters the stellar sign of the 
Zodiac corresponding to the present lunar month. To make these solar months 
lunar, let the elapsed additive months be determined by proportion in the 
following manner. 

As the number of solar months in a tuga 
: the number of additive months in that period 
: : the number of solar months just found 
: the number of additive months elapsed. 

If these additive months with tlieiv remainder be added to the solar months 
elapsed, the sum will be the number of lunar months to the end of the solar 
month ; but we require it to the end of the last lunar month. And as the 
remainder of the additive months lies between the end of the lunar month and 
that of its corresponding solar month, let the whole number of additive 
months, without the remainder, be added to the solar months elapsed ; and the 
sum is the number of the lunar months elapsed to the end of the last lunar 


This number of lunar months elapsed, multiplied by 30 and increased by the 
number of the passed lunar days of the present lunar month, is the number of 
lunar days elapsed. To make these lunar days terrestrial, the elapsed subtrac¬ 
tive days should be determined by proportion as follows. 
xVs the number ol lunar days m a iuga 
: the number of subtractive days m that'period 
: : the number of lunar days ptst found 
: the number of subtractive days elapsed. 


If these subtractive days be subtrai 
days, the difference will be the numb 
the last lunar day ; but it is req 

mid-night, the whole number ol the 
should ho subtracted from the him 

motions commenced, to the present n 
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CHAPTER II. 

Called Sphuta-gati which treats of the Buies for finding 
the true places of the planets. 

Cause of the planetary mo- I. The Deities, invisible (to liu- 
tl011s ' . man sight), named S'ighrochcha, 

Mandochcha (Apogees) and Pa'ta (Nodes,) consisting of 
(continuous and endless) time, being situated at the ecliptic, 
produce the motions of the planets. 

2. The Deities, (S'ighrochcha and Mandockcka) attract the 
planets (from their uniform course) fastened by the reins of 
winds borne by the Deities towards themselves to the east or 
the west, with their right or left hands according as they are to 
their right or left.* 

3. (Besides this) a (great) wind called Pravaha carries the 
planets (westward) which are also attracted towards their 
apogees. Thus the planets being attracted (at once) to the 
east and west get the various motions. 

4. The Deity called Uchcha (apogee) draws the planet to 
the east or west (from its uniform progress) according as the 
Deity is east or west of the planet at a distance less than sis 

5. As many degrees &c., as the planets, being attracted by 
their apogees, move to the east or the west, so many are called 
additive or subtractive (to or from their mean places). 

6. In the same way, the Deity node named Raeu by its 
power deflects the planet, such as the Moon, to the north or to 
the south from (the end of) the declination (of its corresponding 






Translation oj Ihn 


It 

point nt tlic ecliptic). Tin’s deflection is called Y/icsnm 
(celestial latitude). 

7. Tlie Deity node draws the planet to the north or to the 
south (from the ecliptic) according as the node is west or east 
of the planet at a distance less than six signs. 

8. ' (But in respect of Mcrcurv and Venus) id)on then- 
Patas (or nodes) arc in the same direction at the same distance 
(as mentioned in the preceding Slok.v) from then jonrofuriMs, 
they deflect in the same manner (as mentioned beforci bv the 
attractions of their S'igurociichas. 

9. ■ The attraction of the Sun (by its apogee) is vwv small 
by reason of the bulkiness of its bodv, but that of the Moon is 
greater than that of the Sun, on account of the smallness of 
the Moon’s body. 

10. As the bodies of the (five) minor planets. Mars,. &c. are 
very small, they are attracted by the Deities S’fcnBOCHCHA ancl 
Maudochcha very violently. 

11. And for this reason, the additive or subtractive equation 
of the minor planets caused by their movement (which is pro¬ 
duced by the attraction by their Uchchas) is very great. Thus, 
the minor planets, being attracted by their S'ighkochcita and 
Maudochcha and carried by the wind Pravaha, move in the 
heavens. 

^ f 12. (And therefore) the motion of 

the planets is of eight kinds, i. e. 

I. Vakra (decreasing retrograde motion). 

II. Ativakra (increasing retrograde motion). 

III. V.ncALA' (stationary). 

IV. Manda (increasing direct motion less than the mean 
motion). 

V. ■ Manpatara (decreasing direct motion less than the 
mean motion). 

VI. Sajia (mean motion). 

VII. S ighuataea or AtisIghkA (increasing direct motion 
greater than the mean motion). 
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YIII. S'fenitA' (decreasing direct motion greater than the 
mean motion). 

13. Of these kinds, the five motions Atis’ighra, S'ighra', 
Manda', MakdatarA and Sama are direct and the two motions 
Yaicra' and Ativakra are retrograde. 

14. (Now) I explain carefully the llnles for finding the true 
places (of the planets) in such a manner that the places found 
by the Rules coincide with those, determined by observation, 
of the planets which move constantly with various motions. 

The Rule for finding the 15. The eighth part of the number 
qindiant of'the oil cle whose flutes contained in a sign (i. c. 

Radius=343S. ’ 1800) is the first sine. Divide the 

first sine by itself, subtract the quotient from that sine, and add 
the remainder to that sine : the sum will be the second sine. 

16. In the same manner, divide successively the sines 
(found) bj T the first sine ; subtract (the sum of) the quotients from 
the divisor and add the remainder to the sine last found and 
the sum will be the next sine.* Thus you will get twenty - 

* This method is proved thus. 

sii’.' 3 A—sin.’ 2 A = rf“ | 

Ac. = Ac. 



Ac.^ Ac. 


d„ _rf„ -j. t = 2 vers A. sin n A -f- R j 
<l-d „ + , = 2V ^ A (sin. A -f sin. 2A+. + sin. « A) or, 

.-. «n.(«+X) A=s in.« A -{-sin. A 















diminished hy twenty minutes; (then the dewtw m the »n. 
riphery of the Hun’s epicycle--:!3' 40 am] in that i.f fjjo 
Moon’s—81 ° 40'.) 


Diraonsions of t.he 1 si cpi* 


35. There ore 75. 30, 33, 12 rnul 
49, (degrees of the concentric iu the 
peripheries, of the first epicycles , of 


Mare, Meremy, -Jupiter, Venus and Saturn respectively) at the 


end of an even quadrant (of tlio concentric, but) at the end of 
an odd quadrant, there'are 72, 28, 32, 11, 48 (degrees of the 
concentric.) 


Dimensions of the 2nd SG. There are 235, 133. 70, 202 
cpicj chs of M,us eve. and 39 (degrees of tlie concentric) in 

the peripheries of the S’ighra or second epicycles of Mars &c., 
at the end of an even quadrant (of the concentric). 

37. At the end of an odd quadrant (of the concentric,) there 
are 232, 132/72, 2G0, 40 degrees of the concentric in the peri- 
pherics of the second epicycles of Mars &c. 

Given the Kehdra of a 38. Take the difference between 
Kf"o“iS;5: the peripheries of-epicycles of a planet 
.■J of the epicycle. at the ends of an even and an odd 

quadrant ; multiply it by the sine of the Bjiuja (of the given 
Kendea of the planet,) and diride the product by the radius. 
Add or subtract the quotient to or from the periphery which 
is at the end of an even quadrant according as it is less or 
greater than that, which is at the end of an odd quadrant: the 
result will be the Sphuta or rectified periphery (of the epicycle 
of the planet.) 

Given the 1st or 2nd 39. Multiply the sines of the Bhu- 
Kendra of ylanot, to find ja and Koti (of the given 1st and 2nd 
la andKoTi-MTAtA' and the Kekdra of a planet) by the rectified 
1st equation of the planet. periphery (of the 1st and 2nd epicycle 
of the planet), and diride the products by the degrees m a 
circle or 360° (the quotients are .called the 1st or 2njl Bhuja- 
phala and Koti-phala respectively). Bind the arc whose sine 
is equal to the 1st Bhuja-phai.a : the number of the minutes 
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contained in this arc is the manda-PiIALA* (or the 1st equation 
of the planet.) 

To find (lie 2nd c uatton 40. Find the 2nd ICoTI-rHALA (from 
of the minor planets Mars a planet’s 2nd Kendba as mentioned 
before :) it is to be added to the radius 
when the Kendra is less than 3 signs or greater than 9 signs, 
but when the Kendea is greater thau 3 signs and less than 9, 
(then the 2nd’KoTi-PirALA) is to be subtracted (from the radius). 

41. Add the square of the result (just found), to that of 
the sine of the 2nd Bhuja-phala : the square root of the sum 
is the S'fGHEA-KAEN'A or 2nd hypothenuse.-|- 

Find the (2nd) Bhuja-phala of the planet (as mentioned in 
s'loica 39th ;) multiply it by the radius and divide the product 
by the 2nd hypothenuse (above found). 

42. Find the arc whose sine is equal to the quotient (just 
found) ; the number of the minutes contained in the arc is 
called the Sfr g i-r r a- ph al a £ (or 2nd equation of the planet.) 

The 2nd equation of Mars &c. is employed in the first and 
fourth operations (which will be explained in the sequel). 

To find the true fi-iccs of 43. (In order to find the true places 
the Sun, the Moon and other of the Sun and Moon,) a single ope- 
p alu s ‘ ration called manda (or operation of 

finding the first equation,) is to be employed (that is to say, 
when you want to find the true places of the Sun and Moon, 
find their first equation and apply it, as will be mentioned in 
45th S'loka, to their mean places : thus you have the true 
places of the Sun and Moon). 

But in respect of Mars &c. 1st S'igiiea operation (or operation 
of finding the 2nd equation,) 2nd Manda operation, 3rd Manda 
operation, and 4th S'ighba operation, are to be employed 
successively'. 
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Stn/a-Suhlhcwfa, 

Find (he true diurnal 48. In the manda operation, find 
Atoon aiKUlio*jnraT-Sijlm- ^ ie (f n ' st ) equation of a planet’s diurnal 
te motions of the others. motion from the motion itself, in the 
same way in which the planet’s first equation is found. 

(Take the difference between the gata and gamya sines 
which have been found in finding the sine of the first Kendea 
of the planet) ; by the difference between the sines (gata and 
gamya) multiply the (planet’s mean) motion (from its apogee) 
and divide the product by 225. 

49. The quotient multiplied by the (rectified) periphery of 
the first epicycle of the planet and divided by 360° (becomes 
the first equation of the planet’s motion) in minutes. Add this 
equation (to the mean diurnal motion of the planet) when .the 
first Kendra is greater than 3 signs and less than 9 ; but 
when the first Kendra is greater than 9 signs or less than 3, 
subtract the equation of the motion from it: (thus you have 
the true diurnal motions of the Sun and Moon, and the manda- 
sphuta motions of the others which are equivalent to their 
heliocentric motions.) 

To find the true diurnal 50. Subtract the MANDA-SPHUTA di- 
motion of a minor planet. urnal motion of a (minor) planet from i 
its s'ighrochciia’s diurnal motion, and multiply the remainder by ;■ 
the difference between the radius* and the 2nd hypothenuse i 
found in the 4th operation for finding the 2nd equation. 

51. Divide the product by the (said) 2nd hypothenuse, add 
the quotient (to the manda-sphuta motion of the planet) when 
the 2nd hypothenuse is greater than the radius ;* but "when 
it is less than the radius subtract the . quotient (from the 
manda-sphuta motion, the result will be the true motion of the 
planet). (But in the latter case), if the quotient be greater 
(than the manda-sphuta motion,) subtract (the manda-sphuta 
motion from the quotient) ; the remainder will be the retro¬ 
grade motion of the planet. 

lioii. d b fB. f I>. >adUlS U '° C0Sme 01 lll ° ' jn l CqiUtl0n fortIld 111 thc 1Ll 0pua 



motion about tin* same time when the dear r <' L > 2 ul. 
IMeiuias, found m the 4th opmMion, u < rp ] t > 1 >, ill IJ > 
1G3 and 115 (respectively) : and when the decrees oi (Uiejv 2nd) 
Kendras are equal to the remainders (195, 210. 2;j<). H>? and 
245,) found by subtracting the (said; numbers (lo-i, M k lob. 
103 and 11.5,) from 300° (separately.) the planets leave their 
retrogression. 

55. Venus and Mars (leave their retrogression a bone tno 
same time) when (their 2nd Kendra) is equal to 7 sisms. on 
account of the greatness (of the rectibed dimension) of their 
2nd epicycle : so Jupiter and Mercury (leave their retrogression) 
when (their 2nd Kendra) =8 signs, and Saturn leaves its retro¬ 
gression when (its 2nd Kendra) =0 signs. 

To find the latitude of a 56. Add or subtract the 2nd equa- 
pllu,ct ' tions of Mars, Saturn and Jupiter 

(found in the 4th operation) to or from their nodes according 
as the 2nd equations applied to the (rectified mean) places of 
the planets : but in respect of Mercury and Venus add or sub¬ 
tract their 1st equations (found in the 3rd operation, to or 
from their nodes) according as their 1 st equations are subtractive 
or additive respectively (the results are the rectified nodes). 

57. (For tlic argument of latitude of each of the planets.); 
Mars, Jupiter and Saturn) take its rectified node from its true 
place: but for (the argument of latitude of) Mercury or Venus 
take its rectified node from its S'igkrochcha • find the sine (of 

1 Notes on 5G and 57. It is evident that the argument of latifude of eaeli of 
the planets, found here, equals the heliocentric place of the planet diminished by 
the place of its node. ii. D. 
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reduced to minutes, is to be divided by tlie Bha-ehoga (or 
800'.) The quotient is the number of the elapsed Yogas 
(counted from Yishkakgbha) : (The remainder is called the 
gata of the present Yoga, and the Biia-biioca (or 800') dimi¬ 
nished by the gata is called the gamy A of that yoga.) The 
GAS 1 a and gamy a of the present yoga multiplied by 00 and 
divided by the sum of the diurnal motions (of the Suu and 
Moon) become the numbers of the past and to be past ghatika's 
(respectively of the present Yoga at the given time.) 

To find tile lunar day at a 66. Take the place of the Sun from 
given time. that of the'Moon (found at a given 

time) ; divide the remainder, reduced to minutes, by the 
Bhoga (of a titiii or 720' ■ the quotient is the number of the 
elapsed titliis or lunar days.) (The remainder is the gata of the 
present titiii, and the Bhoga of a titi-ii diminished by the gata 
is the gamya of the present tithi.) The gata and gamya of the 
present tithi, multiplied by 60 and divided by the difference 
between the diurnal motions (of the Sun and Moon) become 
the numbers of the past and to be past ghatika's (respectively 
of the present tithi at the given time). 

67. The four invariable Kahanas 

Invaluable Katanas. ca llecl S'AKUNI, Na'GA, ChATUSIIPADA 

and Ktnstughxa (always appropriate to themselves succes¬ 
sively the halves of the tithes,) from the latter half of the 
fourteenth tithi of the dark half (of a lunar month to the first 
half of the first titiii of the light half of the next lunar month 
inclusive). 


Yanablc Katun-A! 
each other rcgnlark 
month. 


68. And the seven va 
xas, Bata* &c. aftenvi 
through eight repetitions 


iblo .Kara- 








wud) east ami west points, and it will be the north anc 
me or the Meridian Line. 

4. And thus, draw a line through the timi formed b 
he north and south points of the Meridian Line; this li 
>o the east and west line. 

-In the same manner, determine the intermediate dir 
hroug'h the mens formed between the points of the dete 
lireotious (east, south &c.). 

Given the Gnomcmic «ha- 01 ' c ^ e1 ’ t° fi 11 ^ ^ ie & 

°' V v'' < V' S ' B f U ^ JA ’ t0 finl1 of a given. shadow of the Gnom 
ul °"‘ given time, describe a circle 
lane of the Horizon with a radius whose length is 
o that of the given shadow and at its circum: 
etovmine the points of the Horizon, the Mei'idit 
asfc and west lines as mentioned before:) Then dest 
qunre about the said circle through the lines drawn frc 
entre (of the circle to the points of the Horizon, in 
ranuer that the square shall touch the circle at the c 
mints) and in this circle (towards the western or eastei 
f it according as the given time is before or after noon) 
line (as a sine,) equal to Bhuja* (of tlio given shado 
lerpendicnlar to the east and west line towards the nc 
outh according as the Bhuja is north or south. To tl 
f this perpendicular, draw a line from the centre). Thi 



nil denote the direction of the given shadow (at the 


6. The line representing the Prime Vertical, the sis i 
ne or the equinoctial, passes through the east and west 
f the Horizon. 
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given shadow and tlie latter line is equal to the sine of ampli¬ 
tude (reduced to the hypothenuse of the given shadow). 

Given the shadow to find 8. The square-root of the sum of 
its hypothenuse. the squares (of the lengths) of the 

Gnomon and the given shadow is called the hypothenuse of the 
shadow: from the square of the hypothenuse subtract the 
square of the Gnomon; the square-root of the remainder will 
be equal to the shadow; and the length of the Gnomon is to 
be known (from the shadow) by the inverse calculation. 

The precession of the 9' The circle of Asterisms librates 
equinoxes. 600 ^j mes p n a great Yuga (that is to 

say, all- the Asterisms, at first, move westward 27°. Then 
returning from that limit they reach their former places. Then 
from those places they move eastward the same number of 
degrees; and returning thence come again to their own places. 
Thus they complete one libration or revolution, as it is called. 
In this way the number of revolutions in a Yoga is 600 which 
answers to 600,000 in a Kalpa). 

Multiplying the Ahaegaxa (or the number of elapsed days) 
by the said revolutions and dividing by the number of terres¬ 
trial days in a Kalpa ; the quotient is the elapsed revolutions, 
signs, degrees, &c. 

10. (Rejecting the revolutions), find the Bhuja of the rest 
(i. e. signs, degrees &c. as mentioned in S’loka 80th of the 2nd 
Chapter). The Bi-iuja (just found) multiplied by 8 and divided 
by 10* gives the degrees &c. called the Avaxa (this is the same 
with the amountf of the precession of the equinoxes). 


the Equinoctial shadow 
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in the southern hemisphere, but when he is in the northern 
hemisphere, take the reduced sine of amplitude from the 
equinoctial shadow, and the remainder will be the north 

24. In the latter case, when the reduced sine of amplitude 
is greater than the equinoctial shadow, subtract this shadow 
from the reduced sine; the remainder will be the south Bhuja 
between east and West line and the end of the shadow at the 
given time. Every day the Bhuja at noon equals the Gno¬ 
mon's shadow at that time. 

25. Multiply the cosine of the lati- 
tlie Sun’s declination 1 to find tude by the Equinoctial shadow or the 

s ™ e latitude by 12 ; the product 

Sun readies tlie Prime Yerti- (which is the same in both cases) 
<M . 1 ' divided by the sine of the Sun's de¬ 

clination gives the hypothenuse of the gnomonic shadow at the 
time when the Sun reaches the prime vertical.* 

26. When the (Sun's) north declin¬ 
ation is less than the latitude, the 

hypothenuse of the shadow at noon multiplied by the equinoc¬ 
tial shadow and divided by the reduced sine of amplitude at 
noon, gives the (same) hypothenusef (which is found in the 
preceding S'loka). 




27. The sine of the declination (ol the .Sun) imiinpheci bv 
flic radius and divided by the cosine of tli it n d 1 < line 
the sine of amplitude. Multiply this sine by the bvpothemiso 
of the shadow at a given time and divide the product bv the 
radius : the quantity obtained is the sine ol amplitude in 
digits (reduced to the liypothenuse ol the shadow at the given 


Given the equinoctial sha¬ 
dow and the Sun’s ampli¬ 
tude, to find liis altitude 
when situated in the vertical 
circle of which the azimuth 


28 and 29. Subtract the square of 
the sine of amplitude from the half of 
the square of the radius; multiply 
the remainder by 114 : divide the 
product by the half of the square of 
the gnomon (i. e. 72) increased by the square of the equinoc¬ 
tial shadow. Let the name of the result be the IvakaaT. Let 
the calculator write down this number (for future reference). 

30. Multiply twelve times the equinoctial shadow by the 
sine of amplitude and divide the product by the former divisor 
(i. e. 72 added to the square of the equinoctial shadow). Let 
the result be called "the Phala. Add the square of the Kaeani 
to the Phala and take the square-root of the sum. 

31 and 32. The square-root, (just found), diminished or 
increased by the Phala according as the Sun is south or north 
of the equinoctial, becomes the Kona-s'anku* or the sine of 


Then- : p (the sine of the Sun’s altitude when lie is at the prime vertical) 

= cos l : sin l — c (equinoctial shadow) : 12; 

12 <t R 


and .'. p : R = 12 : .11 (the hypothciiuse of (he Sun’s shadow when lie readies 
t he prime vertical) : 

1211 h c 7, 0 

x =-= 12 R X --- -- ; supposing the Sim’s declination to 

p 12 a R a undergo no change during the 

* This is demonstrated thus. 

Let e — the equinoctial shadow, 

£ = the Karani), 

/ = the PlTAT.A, 
cl x — the 'Kona s'anku. 
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altitude of the Sun when situated at an intermediate vertical 
(intersecting the Horizon at the N. E. and S. W. or N. W. 
and S. E. points). If the sun be south of the prime vertical, 
then the Kona-s'anku will be south-east or south-west, but if 
he be north of it, then it will be north-east or north-west. 
The square-root of the difference between the square of the 
Konas'anku and that of the radius, is called the Deigjya or 
the sine of the zenith distance. 

33. Multiply the (said) sine of the zenith distance and the 
radius by 12 and divide the products by the Kona-s'anko 
(above found); the quotients will be the shadow (of the gno¬ 
mon) and its hypotlienuse (respectively, when the Sun will 
come on an intermediate vertical) at the proper place and time. 


Then, 13 : e = x : - x = S'AUKtTTALA (as shown in the note on 7th S'loea) ; 

13 

and since it is manifest from the same note that the S'aukutala applied with 
the sine of amplitude by addition or subtraction'according as the Sun is south 
or north of the equinoctial, becomes P.JCOJA (i. e. the sine of the Sun’s distance 
from the prime vertical), 

.-. - x + a = BmtJA i 

but when the Sun is 3S T . E., N. W., S. E, or S. W., it is equidistant from the 
prime vertical and the meridian. Therefore the hypotlienuse of a right-angled 
triangle, of which one side is the Bhuja and the other equal to it, is the sine of 
the zenith distance. 





ace the square of (lie sine of tlio zenith distance added to the square 
: of the altitude is equal to the square of the radius, 




73 3 

or (e- -f- 72) ± 2-1 a ex — 72 B 2 — 114 a 2 ; 

21 a e 72 K 2 — 141 111 (} R‘ — a 1 ) 



Now in the foregoing equation it will he observed that the value of the side 
containing the known quantities is what has been already spoken of under the 
name of Kakaxi, and tlial the half of the co-cilicieuli of .r is what has been already 
spoken of under the name of Bit ala, 

which gives « == a/7'TF ±f- B- B. 
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37. The quotient is the dkig-jya ; the square-root of the 
square of the ratlins diminished by that of the drig-jya (just 
found), is the s'anku : multiply it by the radius and divide the 
product by the cosine of latitude (of the place). 

38 and 39. The result (thus found) is the chheda ; multiply 
the chheda by the radius■; divide the product by the cosine 
of the declination. Subtract the quotient from the Aktya and 
take the remainder. From the versed sines (given in s'lokas 
23—27 of the second chapter) find the arc whose versed sine 
equals the remainder : The minutes contained in the arc are 
the Pranas in the time before or after noon.* 

Given the latitude of the Multiply the cosine of latitude by 
of*am pi itucle C 7o dl, fid 1"e ^ ie § aven re duced sine °f amplitude 
Sun’s declination and longi- and divide the product by the given 
shadow's hypothenuse (at a given 

time). 


40. The quotient, (thus found), is the sine of the Sun’s 
declination ; multiply it by the radius and divide the product 
by the sine of the greatest declination ; find the arc in signs, 
degrees, &c.; from this arc and that quarter of the ecliptic in 
which the Sun is situated at the given time the Sun’s longitude 
can be determined (as mentioned before in S’lokas 18 and 19 
of this Chapter). 


To draw a lint 
the Gnomonic sho 

ferent times c 
these points, 
will revolve ii 


in which an y c ^ a y P^ ace a vertical 

low’s end gnomon on an horizontal plane ; mark 
the end of the shadow at three dif- 
i the plane, and describe a circle passing through 
Then the end of the shadow of that gnomon 
the circumference of this circle through that 


day.f 


* This Rule is the converse of the preceding one. B. D. 

t This Rule is refuted by Bit.(sk:abaCiiarya in his Goladhyaya, and he is 
right, because the end of the gnomonieal shadow revolves in an hyperbola in the 
places between the arctic and antarctic circles. B. D. 
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To find the mlit nsecn- 42. (In order to find the right 
of, 1 '! 6 ^ ,rco »*en s ascensions of the ends of the three 
1 first signs of the ecliptic i. e. Aries, 

Taurus and Gemini, find tlio declinations of the said ends) then 
multiply the sines of one, two, and three sines by the cosine of 
the greatest declination of the Sun separately, and divide the 
products by the cosines of the declinations (above found), 
respectively: The quotients will be the sines of the arcs; find 
the arcs in minutes. (These arcs will be the right ascensions 
of the ends of the three first signs of the ecliptic). 

To find the rising periods 43. The number of minutes con- 
of those signs nt tho Equator. t a } uec p the first right ascension, 
(above found), is the number of Pranas which Aries takes in 
its rising at Lanka (or the equator) ; then take the first right 
ascension from the second and the second from the' third; the 
remainders in minutes will denote the numbers of Pranas in 
which Taurus and Gemini rise at the equator. 

(The numbers of the Pranas, thus found, contained in the 
rising periods of Aries, Taurus and Gemini at the equator are) 
1670, 1795 and 1935 (respectively). 

To find the rising periods < In order to tbe risin S P eviods 
of those signs at n given of the first three signs of the ecliptic 
at a given place of N. L., find at 
first the ascensional differences of the ends of the said signs 
at that place and subtract the first ascensional difference from 
the second and the second from the third. The first ascen¬ 
sional difference and these remainders are severally called the 
CnARAKHANDAs of the said signs for the given place). Sub¬ 
tract the Ciiakakiianbas (of the first three signs) for the given 
place from their rising periods at the equator : the remainders 
will be the rising periods in Pranas of the said signs at the 

To find the rising periods 44. The rising periods of the first 
of the rest. three signs of the ecliptic at the 

Equator successively increased by their Char-akhandas give in 
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a contrary order tlie rising- periods of the following three 
signs (i. e. Cancer, Leo and Vergo). The rising periods of the 
first 6 signs, thus found, answer in an inverse order to those of 
the latter six Libra, &c. for the given place. 

45. From the Sun's longitude as- 
tlic poin't of the ecliptiTfiist certained at the given time, find the 
sum-fse^ a e * fen tim ° ® HUKTA an d Bhogya times in Pranas, 
(in the following manner. Find the 
sign in which the Sun is and find the Bhukta degrees or the 
degrees which the Sun has passed and the Bhogya degrees or 
those which he has to pass). Multiply the numbers of the 
Bhukta and Bhogya degrees (separately) by the rising period of 
the said sign (at the given place) and divide the products by 30. 
(The first quotient is the BnuKTA time in Pranas in which the 
Sun has passed the Bhukta degrees, and the latter is the Bhogya 
time in Pranas in which he has to pass the Bhogya degrees.) 

46 and 47. From, the given time in Pranas (at the end of 
which the Horoscope is to be found) subtract the Bhogya time 
in Pra'nas and the rising periods of the next signs (to that in 
which the Sun is, as long as you can, then at last, you will find 
the sign, the rising period of which being greater than the 
remainder you will not be able to subtract, and which is con¬ 
sequently called the as'uddha sign or the sign incapable of 
being subtracted, and its rising period the as'uddha rising). 
Multiply the remainder thus found by 30 and divide the 
product by the as'uddha rising period: add the quotient, in 
degrees, to the preceding signs (to the as'uddha sign) reckoned 
from Aries : (and to the sum apply the amount of the preces¬ 
sion of the equinoxes bj? subtraction or addition according as 
it will be additive or subtractive) : the result, (thus found), 
will be the place of the Horoscope- 1 - at the eastern horizon. 
If the time at the end of which the Horoscope is to bo found. 








less and the Bhokta time, in Pranas of the greater, add toge¬ 
ther these times and the rising periods of the intermediate 
signs (between those which are occupied by the Sun and the 
Horoscope) ■ and you will find the time (from sun-rise at the 
end of which the given place of the Horoscope is just rising in 
the eastern horizon). 

50. When the given place of the Horoscope is less than 
that of the Sun, the time (above found) will be before sun-rise, 
but when it is greater, the time will be after suu-risc. 

And when the given place of the Horoscope is greater than 
that of the Sun increased by 6 signs, the time found (as men¬ 
tioned before) from the place of the Horoscope and that of the 
Sun added to 6 signs will be after sun-set. 

Enel of the third Chapter called the Tkii’EAs'ka. 
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CHAPTER IV. 

On the Edipses of the Moon. 

j. n f t))e g(m 1. The diameter of the Sim’s orb 
ami Moon in .yojanas and is 6,500 YOJANAS and that of the 
llieu' rectification. Moon’s is 480 YOJANAS. 

2 and 3. The diameters of the Sun and Moon multiplied 
by their true diurnal motions and divided by (their) mean 
diurnal motions become the sphota or rectified diameters. 

To fi h! the Sun’s diameter The rec ^ e< ^ diameter of the Sun 
at i he Moon and tlicir dia- multiplied by his revolutions (in a 
. ^ ‘ Kalpa) and divided by the Moon’s 

revolutions (in that cycle), or multiplied by the periphery of 
the Moon’s orbit and divided by that of the Sun, becomes the 
diameter of the Sun at the Moon’s orbit. 

The diameter of the Sun at the Moon’s orbit and the Moon’s 
rectified diameter divided by 15, give the numbers of minutes 
contained in the diameters (of the discs of the Sun and the 
Moon respectively). 

To find the diameter of ^ and 5. Multiply the true diurnal 
the Earth’s shadow at the motion of the Moon by the Earth’s 
M ° 011 ' diameter (or 1,600) and divide the 

product by her mean diurnal motion; the quantity obtained is 
called the- Sochi. Multiply the difference between the Earth’s 
diameter and the rectified diameter of the Sun by the mean 
diameter of the Moon (or 480) and divide the product by that 
of the Sun (or 6,500) ; subtract the quotient from , the Sucvn 
the remainder will be the diameter (iu .yojanas) of the Earth’s 
shadow (at the moon) ; reduce it to minutes as mentioned 
before (i. e. by dividing- it by 15). 

To find the probable times 6- The Earth’s shadow (always) 
ol tlic occurrences of eclipses, remains at the distance of 0 signs from 
the Sun. When the place of the Moon’s ascending node equals 
the place of tlio shadow or that of the Sun, there will be an 
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To find the lmlf duration tlie llalves separately of 

of the eclipse and that of the tlie sum and difference of the diameter 
total daikncss, 0 f that which is to be covered and 

that which is the coverer. Subtract the square of the (Moon's) 
latitude (as found at the time of the syzygy) severally from 
the squares of the half sum and the half difference and take 
the square-roots of the results. 


13. These roots multiplied by 60 and divided by the 
diurnal motion of the Moon from the Sun give the Sthityakdita 
the half duration of the Eclipse and mardardha the half dura¬ 
tion of the total darkness in ghatikas (respectively). 


To find Hie exact Stttity- Id and 15. The diurnal motions (of 
AituiiA and MAiiDAitDiiA. the Sun, the Moon and her ascending; 
node) multiplied by the Sthityardha (above-found) in ghatj- 
xas and divided by 60 give their changes in minutes. Therr-to 
find the first exact Sthityarbha, subtract the changes of the 
Sun and the Moon from their places and add the node’s change 
to its place; from these applied places find the Moon’s latitude 
and the Sthityardha. This Sthityardha will be somewhat 
nearer the exact one, from this find the changes and apply the 
same mode of calculation (as mentioned before) and repeat the 
process until you get the same Sthityardha in every repeti¬ 
tion. This Sthityardha will be the exact first Sthityardha. 
But to find the latter Sthityardha add the changes of the 
Sun and Moon to their places and subtract the node’s cliaugo 
from its place; from these applied places find the Moon’s 
latitude and the Sthityardha again and repeat the same process 
until the exact latter Sthityardha be found. In the same 
manner determine the first and second exact makd.Crdhas by 
repeated calculations. 

To find tlie times of (lie 16. At the Old of the true lunar 
pluses ol mi eclipse. <];, v ;p u _ .,(■ j] 10 jj im; of the full moon) 

the middle of the eclipse fakes place; this time diminished by 
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and increased by the latter exact StjijtyARDJIA gives the time 
of tlio cud. 

17. In the same manner, the time of the middle of a total 
eclipse diminished and increased (separately) by the exact first 
and second makdaedhas gives the times of the beginning and 
end of the total darkness (respectively). 

To c.Hl 11,0 Koti or il,e 18. Multiply the diurnal motion'of 
?rom° n tho 1 middle °of P ?l*e the Moon from the Sim by the (first) 
eclipse to a given time. StHITYARDHA diminished by given 

gbatikas and divide the product by GO, the quotient is the 
Koti in minutes (or the perpendicular of the right angled 
triangle of which the Moon’s latitude is the base and the 
distance between the centres of that which is the coveror and 
that which is to be covered is the hypothenuse). 

19. In an eclipse of the Sun, the Ivoti in minutes (above 
found,) multiplied by the mean Sthityaedha and divided by 
the apparent* Steityaedha becomes the Spuuta or apparent 
Koti in minutes. 

To find the quantity of f lic 20. The Mooli’s latitude is the 
durm^tho^fivsMfalf'of 1! au B HUJA ( or base) and the square-root 
eclipse. 0 f p[ ie snm 0 f f] ic squares of the Koti 

and Bhuja is the hypothenuse (of the triangle as mentioned 
before in S'loka 18tli). Subtract, the hypothenuse from half 
the sum of the diameters (as stated iu S'loka 10th ); the re¬ 
mainder will be the quantity of the eclipsed part (of the disc) 
at the time (at which the Ivoti and Biiuja are ascertained). 

ToCniltlioquantity of tl,c 21, If it be required to know the 
dnring'tbo 1 latter half'ofmi Kofi &c. at a given time after the 
ec!l P se ’ middle of the eclipse, subtract the 

Gbatikas (between the given time and the end of the eclipse) 
from the second Steityaedha; from the remainder find the 
Koti &c. as mentioned before. The obscured part found from 
the second Steityaedha is the portion of the disc yet in 
obscurity. 

* The moan and apparent stiutvareiias will be explained ill the next 
chapter. B. D. 
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eclfred ^'avt'^to°1 ^t* 3 ^ and 23. Subtract the minutes 

corresponding 5 time. contained in the given eclipsed part 

from half the sum of the diameter of that which is covered 
and that which is the coveror; from the square of the remain¬ 
der subtract the square of the Moon’s latitude at that time. 
The square-root of the remainder is the Koti in minutes (in 
the lunar eclipse). But in the solar one the remainder (thus 
found) multiplied by the apparent Sthityakdila and divided by 
the mean Stiiityabdha gives the Koti in minutes. From the 
Koti find the time in Ghatika's in the same way that you found 
the Sthityakdha (from the square-root as mentioned in S'loka 
IS). At this time (before or after the middle of the eclipse,) 
the quantity of the eclipsed part is equal to the given one. 

To.find the Valawas used 24. Find the zenith distance* (in 
in the projection of eclipses. ^ le p v j me vertical of the body which 
is to be eclipsed), multiply its sine by the sine of the latitude 
of the place, and divide the product by the radius. Find the 
arc whose sine is equal to the quotient; the degrees contained 
in this 'are called the degrees of the (Aksha or the latitudi¬ 
nal) yalana : they are north or south according as the body 
is in the eastern or western hemisphere of the place. 

25. From the place of the (said) body increased by 3 signs 
find the declination, (which is called Ay ana or solstitial valaua). 
Find the sum or difference of the degrees of this declination 
and those of the latitudinal valana, when those valanas are of 
the same name or of contrary names: (the result is called 
sphuta or true valana) . The sine of the true valana divided 
by 70 gives the valana in digits.)- 





StllH 











CHAPTER V. 

On the Eclipse* of the Sun. 

Where (ho pavdlax in Th ere is 110 parallax in longi- 

jongitndcand thati»latitude tude of tlie Sun when liis place equals 
tlie place of the nonagesimal. And 
when the (north) latitude (of tlie place) and the north declina¬ 
tion of the nouagesimal are equal to each other (i. e. when tlie 
nonagesimal coincides with the zenith) there will be no paral¬ 
lax in latitude. 

2. Now I will explain tlie rules for finding the parallax- 
in latitude which takes place when the connection of the place 
and time is different from that which is mentioned (in the 
preceding Sioka,) and the parallax in longitude which arises 
when the Sun is east or west (of the nonagesimal). 

To find the sine of arapli- 3. At the end of the time of con- 
tude of the horoscope. junction (from sunrise) in ghatjkas 

find the place of the horoscope through the rising periods at a 
given place (and apply it with the amount of the precession of 
the equinoxes.) Its sine multiplied by the sine of greatest 
declination (or sin 24°) and divided by the cosine of latitude 
gives a quantity called the udaya (or the sine of amplitude of 
the horoscope). 

To find the sine of the 4. Then find the place of the cul- 
minatiiw'polnt of tlie'eclip- 1'ninatiug point of the ecliptic through 
tio * the rising periods at the equator as 

mentioned before, and find the sum of the declination of the 
culminating point and the latitude of the place when they are 
of the same name, otherwise find the difference between them. 

5. The result (thus found) is the zenith-distance of the 
culminating point of the ecliptic. The sine of this zenith- 
distance is called the Madhyajya or the middle sine. 

To find (lie line und co Multiply the Madhyajya' by the 
eino of the zenith-distance udaya' (above found,) divide the pro- 
o le non.igc.nuj. duct by the radius and square the 


quotient. 







33. D. 
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name, but if of contrary names, subtract it. (The result is 
tlie apparent latitude of tlie Moon). 

13. (In tlie solar eclipse) through the apparent latitude of 
the Moon (just found) find the sthityardha* mardardha 
magnitude of the eclipse &c. as mentioned before the valana, 
the eclipsed portion of the disc at any assigned time &c. 
are found by the rule mentioned in the Chapter on the lunar 


To find tlie apparent i 


14, 15, 16 and 17. Find the pa¬ 
rallaxes in longitude (converted into 
time) by repeated calculation at the 
beginning of the eclipse found by subtracting the first sthity¬ 
ardha (just found) from the time of conjunction, and at the 
end found by adding the second sthityardha. If the Sun be 
east of the nonagesimal and the parallax at the beginning be 
greater and that at the end be less than the parallax at the 
middle, or if the Sun be west, and the parallax at the beginning 
be less and that at the end be greater than the parallax at the 
middle, add the difference between the parallaxes at the begin¬ 
ning- and the middle, or at the end and the middle to the first or 
the second sthityardha (above found) : otherwise subtract the 
difference. It is then when the Sun is east or west of the 
nonagesimal at the times both of the beginning and the middle 
or of the middle and the end, otherwise add the sum of the 
parallaxes (at the time of the beginning and middle or of the 
end and the middle) to the first or the second sthityardha 
(Thus you have the apparent sthityardhas and from these the 
times of the beginning and the end of the eclipses of the Sun.) 

In the same manner, find the apparent maeda'rdhas (and the 
times of the beginning and end of the total darkness in the 
total eclipses of tlie Sun). 

End of the fifth Chapter. 







ndorstood without their projection, I therefore 
xcellent knowledge of the projection. 


scribe, ou the point as centre with 4f 
digits as radius, a circle in which the valana (as found in the 
fourth Chapter) is to be marked. 

Other two circles concen- 3. (On the same centre,) describe 
tnc with the first. a second circle named the sajiA'sa witl 

the radius equal to half the sum of the diameters of that which 
is to be covered and that which is the coveror, and a third circle 
with the radius equal to the semi-diameter of that which is tc 
be covered. 

The directions of the ho- 4. (In these circles determine the 
ginning and end of the north and south, and the east and wesi 
1 lines* as mentioned before (in the ort 

Chapter). 

In a lunar eclipse, the obscuration first begins to the easl 
and it ends to the west, (but) in a solar one the reverse of this 
takes place. (Therefore in the projection of the lunar eclipse, the 
valana is to be marked ns sine to the eastern or western side 
of the outer circle above described according as it is found ai 
the beginning or end of the eclipse, but in the projection oi 
the solar eclipse, the Valana' found at the beginning or the enc 
of the eclipse is to be marked to the western or eastern side oi 
the circle respectively.) 











On tliis line mark tlio latitude (found at the middle of the 
eclipse) from the centre towards (the end of) the valana. 

11. With the end of the latitude (just marked) as a centre, 
and the radius equal to the semi-diameter of the coveror, de¬ 
scribe a circle. The part of the third circle (as described before 
with the radius equal to the semi-diameter of that which is to 
be eclipsed) contained in the circle above described will be 
eclipsed. 

12. In the projection (of the lunar or solar eclipse) de¬ 
scribed on the Ho* or or board, reverse the positions of the points 
of the eastern and western halves of the horizon. 

The limit of tlie magni- 13. To the 12tli part of the Moon’s 
which h^nvisib/ein thcfsw c ^ sc obscured portion is invisible 
lar or lunar eclipse. 011 account of the brightness of the 

Moon’s disc; and owing to the dazzling flash of the Sun’s 
disc its eclipsed part when not exceeding 3 minutes, is not 
visible. 

To find the path of the U > 15 and 1G ‘ Cal1 tte P oints 
coveror. at the ends of the latitude (found at 

the beginning, middle and the end) (as marked before,) the 
first, the middle, and the last points respectively, describe the 
txmxs between the first and middle points and the middle and 
the last and draw two lines through these two timis ; with the 
intersecting point of these two lines as a centre, describe such 
an arc as will pass through the three points. This arc will be 
the path of the coveror through which it will move. 
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To project a given eclipsed ^ and 19. [When you want 

portion. to project the eclipsed portion, the 

magnitude of which is given at the time before or after the 
middle of the eclipse] subtract the given portion (in digits) 
as found before from half the sum of the coveror and that 
which is to be covered. From the centre (of the three circles 
as described before) draw a line equal to the remainder towards 
the direction of the beginning or end of the eclipse according as 
the given time is before or after the middle, in such a manner 
that the end of that line may be on the path of the coveror : 
then with the end of that line as a centre, at the distance equal 
to the semi-diameter of the coveror, describe a circle : then that 
portion of the third circle which falls within the circle (above 
described) will be obscured. 

To find the direction of 20 aud From the centre of the 
the beginning of total dark- three circles, towards the direction of 
y c p j o the beginning of the eclipse, draw a 

line equal to half the difference between the diameters (of the 
coveror and that which is to be covered) in such a manner that 
its end fall on the coveror’s path. About the end of that line 
describe a circle with an extent equal to the semi-diameter of 
the coveror. Then you will find the direction of the beginning 
of total darkness where the third circle touches internally the 
circle above described. 


To And the direction of 22 ‘ In tte Same W cll ' aw tlle Saicl 
the end of the total dark- line towards the end of the eclipse and 
describe a circle as above. Then you 
will find the direction of the end of total darkness just as 
mentioned before. 


The colour of the eclipsed 23. When the eclipsed portion of 
portion Of the Moon. tlle Moon’s disc is less than the half) it 

appears of a smoky colour, when it is greater than the half, it 
appears of a black colour : and when the Moon’s eclipsed 
portion is greater than jjtlm of (ho whole it appears of a dusky 
copper hue, and in a total eclipse it appears of a tawny Luo, 
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18. (Thus) the planets will be seen in the heaven at the 
ends of the styles. 

Tlio ft'lit and association ‘In the conjunction of any two minor 
of the planets. planets, there is their fight called the 

Um.kkiia (paring) when their discs only touch each other: but 
when the discs cross each other, the fight is called the Bheda 
(breaking). 

19. When in the conjunction, the rays of the two planets 
mix with each other, it is their fight, called the axs'uvi- 
marda (the mixture of the rays). 

When in the conjunction of the two planets, their distance 
(found in s'loka 12th) is less than one degree, it is their 
fight called the apasavta (the contrary) if one of the two 
planets be smaller; (otherwise the fight is not distinct). 

20. (In the conjunction) when the distance of the planets 
is greater than one degree, it is their association, if the 
discs of the planets are both large and bright; (otherwise the 
association is indistinct). 


is tlic conquer* 


Which planet is conquer- - In the fight called APASAVTA' that 
edm the fight. planet is conquered which is obscure, 

small and gloomy! 

21. And that planet is overcome which is rough, dis¬ 
coloured or south (of the other). 

And that is the conqueror of which 
the disc is the brighter and larger, 
whether it be north or south (of the other). 

Kinds of light 22. ^ (i n the conjunction) the 

planets both be very near to each 
other and bright, then their fight is called the samagama : If 
both the planets be small or overpowered, then the fight is 
called the Kuta or vigeaha (respectively). 

23. (In the fight of Venus with any other minor planet,) 
Venus is usually the conqueror whether she be north or south 
(of the other). 
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Find the time of conjunction of the moon with any of the 
minor planets in the same way as mentioned before. 

24. This (i. e. the association and fight of the planets) is 
(only) imaginary, intended to foretel the good and evil fortune 
people, since the planets being distant from each other move 
in their own (separate) orbits. 

End of the Seventh Chapter called the Geahayuti or the 
planetary conjunctions. 


CHAPTER VIII. 


On the conjunction of the planets with the Stars. 

To find the longitudes of ^ c ^ ec ^ are Uie number of tllO 

the principal stars of the minutes contained in the Bhogas* of 
S eusms ' (all) the Asterisms (AsVinI, Bhaeani, 

&c. except the TJttaeashadha', Abhijit, S'eayana and Dha- 


* Dividing the number of minutes .contained in the longitude of the principal 
star of an Asterism by S00 and dividing tlie remainder by 10, the quotient 
obtained is here called the Bhoga of the Asterisk. B. D. 

Note on Y 2 to 9. Bor convenience’ sake the longitudes of the principal stars 
of the four Asterisms Uttaeashadjia, Abhijit, S'eayana and Dhanishtha 
only are given and the Bhogas of the others from which the longitudes of the 
remaining principal stars can easily be found by the rule mentioned in 1st 
S'boica, are given. 

The longitudes and latitudes of the stars mentioned here are the apparent 
ones. The apparent longitude of a star is the distance from the origin of the 
Ecliptic to the intersecting point of this circle and the circle of declination 
passing through the star: and the apparent latitude of a star is the sum or 
difference of its true declination and the declination of the intersecting point of 
the Ecliptic and the circle of latitude passing through the star, according as the 
said declinations-are of different names or of the same name. 

The following table will exhibit the names of the Asterisms and of their 
principal stars as supposed to be meant, their apparent longitudes as will be 
found from their Bhogas, and their apparent latitudes. 




Translation of Ihn 


NisiiTtiA). Multiply the Bhooa of each Asterism by 10 and to 
tho product add the spaces of- the antecedent A.sterisms (each 
of which contains 800 minutes as mentioned in S’loka G-J-lh of 
the second Chapter), the sum is the longitude (of the principal 
star of the asterism). 

The Bhosas of the Aste- 2. (The number of minutes in the 
rlsms ' Bhoga of the Asterism called A'swixf 

is) 48, (of Bharani) 40, (of Keittika) 05, (of R-ohini) 57, (of 
Mriga) 58, (of Aedea') 4, (of Punarvasu) 78, (ofPcsiiTA) 76, 
and (of As'lesha) 14. 

8. (The Bhoga, in minutes, of Magha is) 54, (of Puf.va- 
fealguni) 64, (of Uttara-phalguni) 50, (of Hasta) 60, (of 
Chitra) 40, (of SwATf) 74, (of Vis'akha) 78, (and of Anura- 
dha) 64. 


Krittika, 

Kohiiri, 

St.-Ign, 

Ardra, 

Punarvasu, 

Piwhya, 

As'lcsha,. 

Magha, 

Purva-phalgum 

Uttara-pkalguni, 

S, 

1 ^ 1 ,, 

Anuradha, 

.W* 

PiU’Yashadba, 

TTttavashadha, 

a, 

I) banish tha, 


it Tauri, Pleiades, 
a Tauri, Aldeharan, 

I Gominorum, 

8 Cancri, 
a 1 nod 2 Cancri, 
a Leonis, Begulus, 

8 Leonis, 

0 Leonis, 

7 or 8 Con-i, 

a Yirginis, Spica, 
aBootis; Arcturus, 
a or x Libra, 

8 Scorpiouis, 
it Scorpiouis, 

8 Sagittarii, 
r Sagittarii, 
o Lyri, 

' •A 1 !'-. 


Autare 


a Delphmi, 

“ A^dTom do 


11 29 *% 5 ® 0 : 
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17. The star which is near to and west of the north-western 
star of the Asterism Hasta is its Yoga-taea' ; and tho western 
star of the Asterism Dhanishtha is its Yoga-taea. 

18. The middle star of (each of the Asterisms) Jyeshtiia, 
S'eavaxa, Akueadha, and Pushya is its Yoga-tara : and the 
southern star of each of the Asterisms Bharanl, KiiittikAj 
Magha, and Revati is its Yoga-taea. 

19. The eastern star of each of the Asterisms Rohini, Pu- 
naevastj, Mtjla, and As't.esha is its Yoga-taea and of the 
remaining Asterisms that is the Yoga-tarX which is the brightest 
(in each Asterism). 

Tho longitude and inti- 20. The star Peajapati (Aurigce) 
tude of the star Peajapati. - g g degrees to the east of tho star 
Bheahma-hjudaya. Its longitude is 1 sign and 27° and the 
latitude is 88° hi. 


Of the stars Apam-vntsa 21. The star ApaM-VATsA (b 1. 2. 
and Apa. 3 ) j s situated in the Asterism ChithX 

five degrees north (of its principal star) (i. e. the longitude of 
Apamvatsa is equal to that of the principal star of ChitrX or 
180° : and its latitude is 3° N.). (And in the same Asterism) the 
star Apa (Yirginis), somewhat larger than Apah-vatsa, is 
north of it at a distance of 6° (i. e. the longitude of Apa is 180° 
and the latitude 9° N.) 

End of the eighth Chapter on the conjunction of the planets 
with the stars. 


CHAPTER IX.- 

On the heliacal rising and setting of the planets and stars. 

1. I now explain tho heliacal rising- and setting of tho 
bodies (the moon and other planets and stars) which have little 
light and (consequently) disappear on account of the brilliancy 
of the sun (when he approaches them), 
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6. (The degrees of time at which before the sun’s rising' or 
after the sun’s setting' a heavenly body rises or sets heliacally, 
are called the Kalans'as of that body). Thus the ICalans'as of 
Jupiter are 11, of Saturn 15 and of Mars 17. (i. e. when the 
degrees of time found by the rule mentioned in S'lotca 5th are 
11, 15 or 17 of Jupiter, Saturn or Mars respectively, the planet 
will rise or set heliacally). 

7. Venus sets heliacally in the western horizon and rises 
in the eastern horizon by its 8 degrees (of time) on account of _ 
the greatness of its disc (when it has retrograde motion, but ’ 
when it has direct motion) and hence its disc becomes small, it 
sets heliacally in the eastern horizon and rises in the western 
horizon by 10 degrees (of time). 

8. Thus Mercury rises or sets heliacally at the distance of 
12 degrees of time from the sun, when it becomes retrograde; 
but when it is moving quick it rises or sets heliacally at the 
distance of 14 degrees. 

9. When (at a given time) the Kalans'as (found from the 
places of the planets by the rule mentioned in 5th S'loica) are 
greater than the planet’s own Kalans'as (just mentioned), the 
planets become visible; (but) when less, the planets having their 
discs involved in the rays of the sun, become invisible on the 
earth. 

10. Find the difference, in minutes, between the Ka'lans'as 
(i. e. Ka'iAns'as found from the place of the planet at the given 
time, and those which are the planet’s own as mentioned before) : 
and divide it by the difference between the diurnal motions* of 
the sun mid the planet ; the quantity obtained is the interval in 
days, (ghatikas) &c., between the given time and that of Ihe 
planet’s heliacal rising or setting. (This holds when the planet it; 
direct; but) when it is retrograde, take the sum of Dio diurnal 
motions of the sun and the planet for the difference of the 
diurnal motions. 
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Translation of iho 

IT. The diurnal motions of the sun and the planet multi¬ 
plied by the numbors of Pranas contained in the rising periods 
of the signs occupied by the sun and the planet, and divided 
by 1,800, become the motions in time. From these motions 
(turned into time) find the time past or future in days, gijati- 
kas &c., from the given time to the time of heliacal rising or 
setting of the planet. 

12. The stars Swat! (Arctium), Acastya (Canopus) Mriga- 
vyadha (Sirius), ChitrA (Spica), Jyeshtha (Antares), Punae- 
vasu (ft Geminorum), Abhijit (a Lyras) ■ and Brahmaheidaya 
(Capella) rise or set heliacally by 13 degrees of time. 

13. The stars Hasta (8 Corvi), S'bavana (a Aquihe) Pueva- 
phalguni (§ Leonis), UttaeA-phalguni (/3 Leonis), Dhanisetha 
( a Delphini), Rohini (a Tauri), Magha (Regulus), Vis'akha' (a 
Libra) and As'wini (a Arietis) rise (or set) heliacally by 14 
degrees of time. 

14. The stars Krittika' (v Tauri, Pleiades), Anueadha (S 
Scorpionis), Mula (v Scorpionis), As'lesha (a 1 and 2 Cancri), 
AkdbX (a Orionis) PtfEVA'snADHA (8 Sagittarii) and Uttarasba- 
dhA (r Sagellarii) rise (or set) by 15 degrees of time. 

15. The stars Bharani (Musca), Pushya (8 Cancri) and 
Mriga (A Orionis), on account of their smallness, rise or set 
heliacally by 21 degrees of time : and the others [i. e. S'ata- 
tAeaka (A Aquarii), Pueva'-bhAdeapadX (a Pegasi), Uttaea- 
bhadrapada (a Andromeda:), Revati (£ Piscium), Agni (/3 
Tauri), Peajapati (8 Aurigre), Apamvatsa (b 1. 2. 3.) and Apa 
(8 Yirginis)] rise and set by 17 degrees of time. 

16. The Kalans'as (of a planet and those which are found 
at a given time from the place of the planet) multiplied by 
1,800 and divided by the rising period of the sign which is 
occupied by the planet, give the degrees of the ecliptic. (Then 
in S'loica 10th) take the degrees of the ecliptic for their 
corresponding degrees of time and from them find the time of 
heliacal rising- or setting of the planet. 
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17. Tlie said stars rise lieliacalfy in the eastern horizon and . 
set heliacally in the western. Apply the Aicsha-drikkarma to 
their longitudes and (through them) find the days past or 
future from the given time to the time of heliacal rising or 
setting of the stars from the diurnal motion of the sun only 
(by the rule mentioned in 10th S'loka). 

18. The stars Abhijit (a Lyrm), Brahma-hridaya (Capella), 
Swati (Arcturus), S'ravana (a Aquilai), DhakjshthA (a Del- 
phini) and TJttara-bhadrapada (a Andromedm) never disappear 
owing to the sun’s light on account of the greatness of their - 
north latitudes (i. e. these stars having great north latitudes 
never set heliacally) in the northern hemisphere. 

.End of the ninth Chapter on the heliacal rising and sotting 
of the planets and stars. 


CHAPTER X. 

On the phases of the Moon and the position 
of the Moon’s cusps. 

1. Find the time also at which the Moon will rise or set 
heliacally in the same way as mentioned before. She becomes 
visible in the western horizon and invisible in the eastern 
horizon by 12 degrees of time. 

To find the time of daily 2. Find the true places of the Sun 
setting of the Moon. and the Moon (at Sun-set of that day of 

tlie light half of a lunar month at which you want to know 
the time of daily setting of the Moon) and apply the two por¬ 
tions of the dbikkaisma to the moon’s place) ; from those places, 
with 6 signs added, find tlie time in pranas (just m the same 
way) as mentioned before (in 5th S bora of tlie preceding 
Chapter). At these pranas after the sun-set. the Moon will 
set (on that day). 
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To find Uio lime of daily 3. (But when you want to know 
nsmg of ike Moon. the time of the Moon’s daily rising on 

u day of the dark half of a lunar month) find the true places 
of the Sun and the Moon (at sun-sot) and add 6 signs to the 
Sun’s place (and apply the tivo portions of the diukkaema to 
the Moon’s place) ; from these places (i. e. from the Sun’s 
place with 6 signs added and from the Moon’s place with the 
djukkarma applied) find the time in pranas (in the same way 
as mentioned before in 5tli S'loka of the preceding Chapter). 
At this time in pea'nas after sun-set the Moon will rise (on that 
day). 

To find the phases of the 4. (When you want to know the 
.Moon. phase of the moon on a day of the first 

quarter of a lunar month, find the true declinations of the Sun 
and the Moon at sun-set or sun-rise of that clay) find the. 
difference of the sines of the declinations (just found), when 
they are of the same name, otherwise find the sum: to this 
result (the difference or the sum) give the name of the same 
direction south or north at which the Moon is from* the Sun. 

5. Multiply the result by the hypothenuse of the gnomonie 
shadow of the Moon (at the same time as can he found by the 
rule mentioned in the third Chapter) : find the difference 
between the product and twelve times the equinoctial shadow 
if the result be north (hut) if it be south find the sum of 
them. 

6. The amount (thus found) divided by the sine of co-lati¬ 
tude of the place, gives the Bahm or base (of a right angled 
triangle): this is of the same name of Which the amount is : 
and the sine of the altitude of the Moon is the Koti (or perpen¬ 
dicular of the triangle). The square-root of the sum of the 
squares of the Bahd and Koti is the hypothenuse (of the 
triangle). 

7. Subtract the Sun’s place from that of the Moon. The 
minutes contained in the remainder divided by 900 give the 
illuminated part of the Moon: This part multiplied by the 
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Moon’s disc (in minutes) and divided by 12 becomes the Sfhu- 
ta oi’ rectified illuminated part. 

8. • (On a board or levelled floor) having marked a point repre¬ 
senting the Sun, draw from that point a line equal to the Ba'tid 
(above found) in the same direction in which the Bahu is, and 
from the end of the Ba'htj a line (perpendicular to it) equal to the 
Iyoti (as above found) to the west, and draw the liypothenuse 
between the end of the Koti and the point (denoting the 
Sun). 

9. About the point where the ICoti and the liypothenuse 
meet, describe the disc of the Moon (found at the given time). 
In this disc suppose the directions (east, west &c.,) through 
the line of the liypothenuse (i. e. in the disc suppose the east 
where the liue of the liypothenuse cuts the disc, the west where 
the same line produced intersects it, and the north and south 
where a line passing through the centre of the disc and being 
peipendicular to the line of the liypothenuse cuts the disc). 

10. Take a part of the liypothenuse within the disc from the 
(latter) intersection of the disc and the liypothenuse equal to 
the (rectified) illuminated part: and between the end of that 
part and the north and south points of the disc describe two 

TI3IIS. 

11. From the intersecting point of the two lines, drawn 
through the Tims, describe the arc which will pass through the 
three points (the end of the illuminated part and the north 
and south points of the disc). The disc thus cut by the arc 
will represent the form of the Moon as it will be seen on the 
evening of the given day. 

12. Marking the directions in the disc through the Koti 
(above drawn), show the horn elevated at the end of the trans¬ 
verse line : this figure will represent the phase of the Moon. 

13. In the dark half of the lunar month subtract the place 
of the Sun with G signs added to it, from the Moon’s place, and 
from the remainder find the dark part of the Moon (in the 
same way as you found the illuminated part in the 7th S'loka) : 
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(ntnl in the diagram) change the direction of the I3,vtn; and 
show the dark portion of the Moon in the west. 

End'of the tenth Chapter called S'ringonnatf which treats of 
the phases of the moon. 


CHAPTER XI. 


Called Pa'tAbiukAra which treats of ilia Bides for finding the 
lime at -which the declinations of the Sun and 
Moon become equal. 


■ , I. It is called Vaidhrita when the 

VAianntTA. 

Sun and Moon are in the same Ay aka 
(i. e. when, they are both in the ascending or descending- 
signs), the sum of their longitudes equal to 12 signs (nearly) 
and their declinations equal. 


_ , , , 2. It is called Yya'tipata when, the 

VYATfFATA. 

Moon and the Sun are in different 
Ayahas, the sum of their longitudes equal to 6 signs (nearly) 
and their declinations equal. 

3. The Eire (named Pata) which arises from the mixture 
of the rays of the sun and the moon in equal quantities, being- 
burnt by the air called Peavaha produces evil to mankind. 

4. Since the (said) Pata frequently destroys people at the 
time (when the declinations of the Sun and Moon become equal) 
it is called Vyatipata. It is also called Vaidheita. 

5. This Pata is of black colour and bard body, red eyed 
and g-orbellied, destroyer of all people and horrible : it happens 
frequently. 


T fi 1 f e t 1 'cl the ^ ien the sum °f the places of 

true decimal ions of the Sim the Sun and Moon, applied with the 
and Moon bixome equal. degrees of the precession of the equi¬ 
noxes as found by observation, is 12 or G signs find their 
declinations. 
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7. Now, if tlie Moon’s mean declination (i. e. the declina¬ 
tion of her corresponding point in the ecliptic) with her latitude 
applied (i. e. her true declination) be greater than that of the 
Sun, when the Moon is in an odd (1st or 3rd) quarter of the 
ecliptic, the Pata (or the instant when the declinations of the 
Sun and Moon become equal) is past. 

8. And (if the Moon’s declination be) less, (tlie Pa'ta is 
future. But when the place of the Moon is in an even i. e. 2nd 
or 4th) quarter (of the ecliptic) the reverse of this takes place 
(i. e. if the Moon’s true declination be greater than that of the 
Sun the Pata is future, and if less the Pata is past). 

When the Moon’s (mean) declination is subtracted from her 
latitude (for her true declination change the name of the 
Moon’s quarter. 

9. Multiply the sines of the declinations (as found in the 
6th S'loka) by the radius and divide the products by the siue 
of the greatest declination (i. e. 24°) : take the arcs whose 
siues are equal to the quotients, and add the difference or half 
the difference of the arcs to the Moon’s place when the Pa'ta 
is future. (This result which is just applied to the Moon’s 
place is called the moon’s change). 

10. But when the Pa'ta is past, subtract the Moon’s change 
from her place. The Moon’s change multiplied by tlie true daily 
motion of the Sun and divided by that of the Moon gives the 
r Sun’s change : apply it to the Sun’s place as in the case of tlie 
Moon. 

11. Find the change of the Moon’s ascending node in the 
same way (i. e. multiply the Moon’s change by the daily 
motion of the node and divide the product by the Moon’s true 
daily motion) : apply this change inversely to the node’s place. 
Find the declinations of the Sun and the Moon again (from 
their places with their changes applied) and apply the same 
process (mentioned in the preceding S'lokas) repeatedly until 
you get their declinations equal. 
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To find when « pata is 12. T]ie Pa'TA is that instant at 
pust or to bo post. which the declinations (of the Sun and 

the Moon) become equal. Now, according as the Moon’s true 
place found at the Pa'ta by applying the Moon’s change (as 
mentioned before) is less or greater than that found at mid¬ 
night (of that day), the Pa'ta is before or after (the mid-night.) 

To find tlio true time of 13. The difference, in minutes, 
ata. between the Moon’s true places found 

at the Pata and the mid-night, multiplied by GO and divided 
by the true daily motion of the Moon gives the ghatika's 
between the Pa'ta and the mid-niglit. (Then you will get the 
time of the Pa'ta by adding or subtracting the ghatikas, just 
found, to or from the mid-night according as the Pata is past 
or future). 

To find lmlf the duration 14- (Find the semi-diameters, in 
of the Pataeaia. minutes, of the Sun and the Moon by 

the Pule mentioned in the 4th Chapter.) The sum of the 
semi-diameters of the Sun and the Moon multiplied by 60 and 
divided by the Moon’s true daily motion from the Sun gives 
half the duration of the Pata-kala.* 

To find the beginning, 15. The true time of the Pata 
middle and end of the Pata. (f oun( J t j ie 13^ g' 10KA ) j s called 

the middle of the Pata : This time diminished by half the 
duration of the Pata, just found, gives the beginning of the 
Pata and increased by half the duration gives the end of the 
Pata. 

16. The interval between the beginning and end of a Pata 
is horrible; being in the form of burning fire, all rites are 
prohibited during its continuance. 

17. As long as the distance of any 
point of-the sun’s disc (from the equi¬ 
noctial) is equal to that of any point of the Moon’s disc, the 


Form of file Pata-kAla. 


v duration of the Pa't 


tho time during rrhicli tl 
t of nnj point in the Moon 



Pata-kala lasts and destroys tlie (happy results of) all rites 
(performed during that time). 

18. People get very great religious merits from such 
(virtuous) acts as batliing, alms-giving, prayers, funeral cere¬ 
monies, religious obligations, burnt offerings, &c. (performed 
in the Paxa-kXla), as well as from the knowledge of that 
time. 

19. When the (mean) declinations of the Sun and the Moon 
become equal, near the equinoctial points, the Pat A of the two 
kinds (i. e. Vyatipata and VaidheIta) happens twice : contrari¬ 
wise (i. e. when the mean declinations become equal near the 
solstitial points, and the true declination of the Moon is less 
than that of the Sun) no Pata happens. 

Third PSta 20. There becomes a third Pata 

called (also) Vyatipata* when the 
minutes, contained in the sum of the places of the Moon and 
the Sun, divided by the Bhabhoga (or 800) give a quotient 
which terminates in 17 (i. e. which is more than 16 and less 


Gaxea'kta and Bhasakehi 21. The last quarters of the JSIak- 
SHATBAsf As'lesha, Jyeshtiia' and 
Rtsvati are called the Bhasandiii (or junctions of Nakshatras) 
and the first quarter of each of their following ones (i. e. 
Magha'j Mula and As'wild) is called the ganbanta. 

22. During the three frightful Vyatipas, GanbA'ntas and 
Bhasandhis (just mentioned), all (joyful) acts are prohibited. 

23. (0 Maya,) thus far have I told you the excellent, virtu¬ 
ous, useful secret and great knowledge of Astronomy, what 
more do you want to hear ? 

End of the 11th Chapter called Patadiiika'ra. 

End of the First Part of the Surya-sjddiianta. 
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CHAPTER XII. 

On Oosmographical Matters. 

1. Now, Maya-asura joining tlie palms of bis bands, saluted 
(bis teacher) the man who partakes of the Suit's nature, and 
worshipping him with bis best respects asked this :— 

Question about the Earth. 2 - ( TeU me > 0 “?) 0mui P° fcenfc 

(master,) What is the magnitude of the 
Earth ? what is its form ? what supports it ? how is it divided ?' 
and how are the seven Patala-bhumis or lower regions situated 
in it ? 

Question about tho sun’s 3. How does the Sun cause day 
revolution. a nd night ? How does he, enlighten- ' 

ing (all) the worlds, circumvolve the Earth ? 

Other uestions 4- Why are the da}- and night of 

of the (Gods) and Astjras mutually 
the reverse of each other (i. e. why is it day to the Gods when 
it is night to the Asuras and vice versa) : and how is it that 
the (said) day and night is equal to the time in which the Sun 
completes one revolution ? 

5. By what reason does the day and night of the Pitris con¬ 
sists of a lunar luonth and that of man consists of 60 ghatikas ? 
why are not the day and night of the same length every¬ 
where ? 

6. Why are not the rulers of the days, years, months and 
hours in the same order ? how does the starry sphere with 
the planets revolve, and what is its support ? 

7. At what distances from the Earth are the orbits of the 
planets and stars arranged one above the other ? what are the 
distances (between the consecutive) orbits ? what are their 
dimensions ? and in what order are they situated ? 
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8. (Why is it that) the Sim’s rays are vehement in summer 
and not so in winter : Iiow far do the Sun’s rays reach ? How 
many Manas (i. e. kinds of time as solar, lunar &c.) are there, 
and what their use ? 

9. 0 you omnipotent, who are acquainted with the past, 
(present and future events) remove my doubts (by answering my 
questions) : (as) no one except you is omniscient and remover 
(of doubts). 

10. Having heard'the speech thus addressed by Maya with 
his best respects, the man (who partakes of the Sun’s nature) 
related to him the secret Second Part of the work. 

11. 0 Maya, hear attentively the secret knowledge called 
Adhya'tnan (or means of apprehension) which shall tell you : 
I have nothing which is not to be given to those who are 
exceedingly attached to me. 

The secret knowledge call- 12. The Supreme Being is called 
edl Adhyaiman. Ya'sudeva. ' The excellent soul (Puru- 

sha) partaking of the nature of Vasudeva is imperceptible, 
void of all properties, calm, the spirit or life of the universe 
and imperishable. 

13. (This) all-pervading Purtjsha called God Sankarshana 
entering nature made the water and put his influence in it. 

14. This (water with that influence) became a golden egg 
involved in darkness : In this egg the eternal Aniruddha first 
became manifest. 

15. This omnipotent Aniruddha is called Hiranya-garbha 
in the Yedas (by reason of his situation in the golden egg) : 
He is called Aditya from his first appearance and (also) Surya 
on account of the production (of the universe from him). 

16. This Aniruddha named Surya and (also) Savjta is 
excellent light for the destruction of darkness. - This maker of 
the three states (Utpatti birth or production, Sri-im life or 
existence, and Sanjtara death or destruction) of animate (and 
inanimate) things, illuminating the world (in the golden egg),—• 

17. This self light Anikuddiia destroyer of darkness is 
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denominated Mahan (intelligence) : The Rig-veba is his disc. 
Sama-viiba his rays, and Yajur-veda his body. 

18. This omnipotent Anieuddha consisting of the three 
Vedas is time itself, cause of time, all-pervading, universal 
spirit, omnivngous and supreme soul and the whole universe 
depends on him. 

19. Riding on the car of the universe to which are attached 
the wheel of the year and the horses of the seven metres, this 
Anieuddha revolves at all times. 

20. Three-fourths of Anieuddha are hid in the heavens and 
one (fourth) is this manifest universe. That able Anieuddha 
generated Brahma consciousness (Ahankara) for the creation 
of the universe. 

21. Now having bestowed the excellent Vedas on Brahma 
the grandfather of all people and placed him in the middle of 
the golden egg, Anieuddha himself revolves and illuminates, 
the universe. 

22. Then Brahma bearing the form of consciousness thought 
of creation. The Moon sprung from (his) mind, and the Sun, 
a treasure of lights, from (his) eyes. 

23. From Brahma’s mind sprung ether, from ether air, 
(from air) fire, (from fire) water, (and from water) earth succes¬ 
sively. Thus the five primary elements were produced by the 
superposition of quality.* 

24. The Sun and Moon are respectively of the nature of fire 
and water, and the five (minor planets) Mars and others (i. e. 
Mars, Mercury, Jupiter, Venus, and Saturn) sprung severally 
from fire, earth, ether, water, and air. 

25. Again Brahma', of subdued passions, divided a circle, 
invented by himself, into 12 parts, naming it the Ras'i-viutta, 
and the same circle into 27 parts naming it the Nakshatra- 

*\.Having produced ether with the quality of sound, air was formed by 
adding to ether the quality of touch; fire by adding to air the quality of form, 
water by adding to fire the quality of taste, and earth by adding to water the 
quality of smell.—B. D. 




79 


Surya-Suldhdnta. 


26. Now having created things of different natures by 
compounding in various proportions tlie best, middling, and 
worst qualities (i. e. principles of truth, passion, and darkness) 
Brahma made, the universe containing Gods and animate and 
inanimate things. 

27 and 28. Having created (Gods and animate and inani¬ 
mate things) successively according to their qualities and 
actions, the able Brahma arranged the planets, asterisms, stars, 
the earth, worlds, Gods, Demons, men, and Siddhas, regularly 
at proper places and times in the way mentioned in the Vedas. 

29. This Brahmanda (the golden egg sacred to Brahma) 
is hollow: in this (the worlds) Bhur, Bhuvar&c., are situated. 
It is like a samputa (a casket) formed by two kata'iias (frying 
vessels joined mouth to mouth) and of a spherical shape. 

Order of tlie 01 -bits of thG 30 and 31. The circumference of 
stars and planets situated the middle of the Brahma'nda is called 
cow le o ic . Vtomakaksha (the orbit of heaven). 

In it (i. e. Brahmanda) all the stars revolve. Beneath them 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury and the Moon 
revolve one below the other, beneath them the Siddha, the 
Vidyadhaha and clouds are situated. 


Answers to the questions 
stated in 2nd S'loka. 

steadiness, remains ii 


32. The terrestrial globe, posses- 
ing Brahma’s most excellent power of 
a space at the centre of the Brahmanda 
(which is) all around. 

33. The seven Patala Bhtjmis or infernal regions formed 
by the concave strata of the earth are very beautiful, being 
inhabited by Nagas (serpents) and Asuras (demons) and having 
the liquors of the divine plants (which shine by their own 
light). 


The position of Mirv 34. The golden mountain Meru, 

containing heaps of various precious 
stones, passes through the middle of tlie terrestrial globe (as 
an axis projecting on both sides at the poles). 
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Earth) the two polar stars are situated in the heaven at their 
zenith. These two stars are in the horizon of the cities 
situated on the equinoctial regions. 

44. Since the polar stars are in the horizon of the (said) 
cities, there is no elevation of the terrestrial axis (but) the 
co-latitude is 90°; so the latitude at the Meru is 90°. 

The beginning of the day 45. When the Sun is above the 
to the Gods and Asueas. regions of the Gods* (i. e. the northern 
hemisphere) he first appears to the Gods at the first point of 
Aries : but to the Asuras (he first appears) at the first point 
of Libra, when the sun is going above the regions of the Asuras 
(i. e. the southern hemisphere). 

Answer to the question in 46. Owing to this (the Sun's go- 
Sfch S lota. ing northward and southward) the 

Sun’s rays are vehement in summer in the Gods’ regions and 
in winter in the Asuras’. Conversely they are weak (in summer 
in the Asueas’ regions and in winter in the Gods’). 

47. The Gods and Asuras behold the Sun in the horizon 
at the equinoxes. The two periods in which the Sun is in the 
northern and southern hemispheres are mutually the day and 
night to the Gods and Asuras (i. e. when the Sun is in the 
northern hemisphere it is day to the Gods and night to the 
Asuras, and vice versa). 

48. The Sun at the first point of Aries, risen to the inhabi¬ 
tant of the Meru (i. e. to the Gods) and passing- the three follow¬ 
ing signs (i. e. Aries, Taurus and Gemini), completes the first 
half of the day (of the Gods). 

49. So he (the Sun) passing- (the three signs) Cancer and 
others completes the second half of the day. In the same 
manner (the Sun passing) the three signs Libra, &c. and other 
three Capricorn, &c. (completes the first and second halves of 
the day of the Asuras). 


50. Therefore their day and night 
are mutually reverse, and the length of 


Sec the UGH. S'wka of Ibis Cli»plcr. B. D. 
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their Nycthemcron arises from the completion of the Buuhj 
(one) revolution. 

51. Their mid-day and mid-night (happen) at the time of 
the solstices reversely (i. e. it is mid-day to the Gods when it is 
the mid-night to the Asuras, and vice versa) : The Gods and 
the Asuras consider themselves each above the other. 

52. The others likewise who are situated diametrically op¬ 
posed (at the earth’s surface) as the inhabitants of the Bbad- 
ba'swa and KetumAla (i. e. of Yamakoti and B.omaka) and those 
of Lanka and Siddhafuea consider (themselves) one below the 
other. 

53. Thus everywhere on (the surface of) the terrestrial 
globe, people suppose their own place higher (than that of 
others) : because this globe is in space where there is no 
above and below. 

54. All people around their own place behold the Earth, 
though globular, of the form of a circular plain, on account of 
the smallness of their bodies. 

P .111 .lit' It 1- ^5. This starry sphere revolves 

horizontally (from right) to left to the 
Gods and (from left) to right to the Asuras : But at the 
equator (it) always (revolves) vertically (from east) to west. 

56. At the equator, therefore, (the length of) the day is ’ 
always of 30 ghatika's and the length of the night is also the 
same : and at the regions of the Gods and those of the Asuras 
(i. e. at the northern and the southern hemisphere) the day' and 
night (except at the equinoxes) always increase and decrease 
reversely (i. e. at the northern regions the day increases and the 
night decreases, while at the southern ones the day decreases 
and the night increases, and vice versti). 

57. When the Sun is iu the (northern) signs Aries &c. the 
increase of the length of the day and the decrease of the 
length of the night become more and more (until the Sun 
arrives at the tropic of Cancer and then they become less and 
less) at the regions of the Gods : but at those of the Asuras 
the reverse of this takes place. 




58. (But) when tlie Sun is in tlic (southern) signs Libra 
&c. the decrease and increase both of the day and night are 
the reverse. The knowledge of this (increase or decrease) at 
every day from (the equinoctial shadow of) the given place 
and the Sun’s declination is described before (in the 61st 
S'loica of the 2nd Chapter). 

59. Multiply the Earth’s circumference by the number of 
degrees of the Sun’s declination (of a given day) and divide 
the product by 860° (and take the quotient). The Sun (at 
that day) passes through the zenith (of the place, north or 
south of the Equator according as the declination is north or 
south) at a distance in yojanas equal to the quotient (above 
found) from the equator. 

Determination of the place 00 and 01 ■ In the same manner 
where t-h^d bo ' find the number of yojanas from the 
Sun’s greatest declination and sub¬ 
tract the number from the fourth part of the Earth’s cir¬ 
cumference (and take the remainder). Then (when the Sun 
is) at a solstice, the day or night becomes of 60 giiatikAs once 
(in a year) at the distance in yojanas equal to the remainder 
(above found) from the equator (i. e. at the polar circles) in the 
regions of the Gods and the Asukas reversely (i. e. when the 
Sun is at Iris greatest distance from the equinoctial, the day 
becomes of 60 gttatika's at tlie polar circle in the northern he¬ 
misphere, while the night becomes of the same length at the 
polar circle in the southern one, and vice versa). 

62. (At places) between them (i. e. the equator and a polar 
circle on cither side of the equator) the day and night increase 
and decrease within tlie 60 giiatikAs. Beyond that (i. c. in the 
polar regions) the starry sphere revolves in an opposite manner 
(as regards the north pole and the south). 
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71. In the same manner, (the Sun) revolving from east to 
west, (when he reaches the zenith of Biiaeata or Lanka) makes 
the micl-day, rising, mid-night and setting in the vaesiias, Bha'- 
bata and others, i. e. Biiaeata, Ketumala, Kuru and Bha- 
deasVa respectively). 

Oblique sphere. ^’° 011 e ™ho ls going to the 

end of the Meeu (i. e. to the north 
or south pole from the equator) the elevation of the polar star 
(north or south) and the inclination of the starry sphere in¬ 
crease (more and move as he approaches the Meuu :) and to 
one going towards the equator the reverse is the case with the 
inclination and elevation. 

Answer to the question in ?3. ^ le s f an 7 Sphere, bound at its 
ilic 2nd half of the GtU S'lo- two poles (north and south), being 
struck with the Peayatia winds re¬ 
volves constantly : (so) do the orbits of the planets confined 
within it in regular order. 

Answer to the question in 74. (As) on the Earth the Gods 
5th S loka. and the Asu.eas behold the Sun con¬ 

stantly above the horizon throughout half the year, and men 
' throughout their day, (so) do the Piteis situated on the upper 
part of the Moon (behold the Sun) throughout a fortnight. 

.75. The orbit of the upper (of any two planets) is greater 
than that of the lower : and the degrees of the greater orbit 
(iu length) are greater than those of the smaller. 

76. A planet revolving in a smaller orbit passes the 12 
signs in a shorter time and one going in a greater orbit (pass¬ 
es the 12 signs) in a longer time. 

77. Therefore the Moon moving in a smaller orbit makes 
many revolutions while the Sanaischara (slow-moving i. c. 
Saturn) going in a greater orbit makes a few. 

<to the lie - ( ; on in 78. Every fourth of the planets 
the first half of flic Glli (in the order of their orbits mentioned 
S ' L0Ki - in S'loka 3) ) reckoning from Saturn is 

the Euler of a day (of the week) in succession (thus, the 
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Sim, who is fourth from Saturn, is the ruler of the 1st day; 
the Moon, who is fourth from the Sun, is the ruler of the 
second day; Mars, the fourth from the Moon, is the ruler of 
the third day, and so on). 

In the same manner every third of the planets, reckoning 
from Saturn (i. e. Mars, Venus, the Moon, .Jupiter, &c. succes¬ 
sively) is the ruler of a year (of 3G0 terrestrial clays). 

79. Reckoning from the Moon, the planets above her (i. e. 
Mercury, Venus, the Sun, &c.) are called the r ulers of the 
months (of 30 days) successively. And from Saturn (the 
planets situated) one below the other (i. o. Jupiter, Mars, the 
Sun, &c.) are successively the rulers of the hours.* 

Answer to the question in 80. The Sun's orbit (in YOJANAS to 
7th S loxa. k e s t. a t ec l in S'loka SGth) multiplied by 

G0 gives (the length of) the middle circle of the starry sphere. 
This circle of the stars of so many yojahas revolves above all 
(the planets). 

81. Multiply the number of the said revolutions of the 
Moon in a kalpa by the Moon's orbit (to be declared in S'loka 
Sotli) : the product is equal to the orbit of heaven (or the 
circumference of the middle of the Beaiihanba) : to this orbit 
the rays of the Sun reach. 

82. The very same (the orbit of 
Determination of the Di- , , . , 

mansions of the orbits of heaven) being divided by the number 

motiorTin voJANAs ° 11 ' tlally revolutions of a planet in. a kalpa 
gives the orbit of that planet; (and 
dividing this orbit) by the number of terrestrial days in a icalpa, 
the quotient is called the daily motion (in yojanas) of all the 
planets to the east. 

Of their daily motions in S3. Multiply this number of YOJA- 
unnutes or angular motions. N as 0 f j,] lc daily motion (of all the 

* r. 7s and 79. It is to be known here that the Ruler of a day (from mid¬ 
night to mid-night at Danila) is the same as that of the first hour of the day: 
and (ho Euler of a month or a.year is the same as that of the first day of the 
month or year. B. D. 
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planets) by the Moon’s orbit and divide the product by the 
orbit of the planet (of which the daily motion in minutes is to 
be known) : the quotient being divided by 15 gives the num¬ 
ber of minutes of the motion (of that planet). 

84. The orbits (of the planets) multiplied by the Earth’s 
diameter and divided by the circumference of the Earth give 
the diameters of the orbits. These (diameters) diminished by 
the Earth’s diameter and divided by 2 give the distances of 
the planets (from the Earth’s centre). 1 

85. The orbit of the Moon is 324,000 (yojanas) and that of 
the Sighrocheha of Mercury, beyond the Moon is 1,043,209. 

86. That of the Sighrocheha of Venus is 2,664,637 beyond 
that, that of the Sun, Mercury and Venus is 4,331,500. 

87. That of Mars is 8,146,909 and that of the Moon’s apogee 
is 38,328,484. 

88. That of Jupiter is 51,375,764 and that of the Moon’s 
ascending node is 80,572,864. 

89. That of Saturn is 127,668,255 and that of the fixed 
stars is 259,890,012. 

90. The circumference of the sjjhere of the Beai-imandee 
in which the Sun’s rays spread, is 18712080864000000 yojanas. 

End of the tweltli Chapter. 


CHAPTER XIII. 

On, the construction of the armillary Sphere and other astronomi¬ 
cal Instruments. 

1 and 2. How the teacher (of Maya) being in a secret and 
holy place'bathed, pure and adorned, and having worshipped 
faithfully the Sun, the planets, the asterisms and the (Juiivakas 
(a kind of Demigods) explained clearly the knowledge which ho 
had from his preceptor (the Sun) through traditional instruc¬ 
tion, for the satisfaction of his pupil (Maya). 



Tim construction of flic 3 and 4. Let ail astronomer make 
m milieu.y Sphere. t]io wonderful construction of the ar- 

millavy Sphere with that of the Earth (at its centre). 

Having- caused a wooden terrestrial globe to be made of any 
desired size with, a staff representing the Mejuj passing through 
the (globe’s) centre and projecting on both sides. (Let him 
ilx) two circles (on the staff) called the Adh^ra. kaksiia or the 
supporting circle (answering to the colures) as also the equi¬ 
noctial. 


The diurnal circles of the 5- Let three circles marked with 
12 b,s " s ' the number of degrees in the 12 signs 

(or 360°) be prepared (to represent the diurnal circles at the 
ends of the 8 signs Aries, Taurus and Gemini) with radii an¬ 
swering to the respective diurnal circles in proportion to the 
Equinoctial. 

6, 7, 8 and 9. Let him fix the three circles for Aries and 
other signs respectively (on the two supporting circles) marked' 
with the degrees of declinations north and south, at the end 
of respective declination (north of the Equinoctial) (of the ends 
of the . said signs). The same (circles) answer contrariwise 
to the (three signs) Cancer and others (at the ends of the 
respective declinations of the beginnings of the signs). In 
the same manner, let him fix (other) three circles in the south¬ 
ern hemisphere, for Libra and others (and) contrariwise 
for Capricorn and the rest. Let him also fix circles on 
both the supporting circles for the principal stars of the 
asterisms in both hemispheres as also for Ahuijit (and 
Lyrto) and for the seven great saints (i. e. the seven stars com¬ 
posing the constellation of Ursa major), Agastya (Canopus). 
Brahma (Auriga) and other stars. In the very middle of all 
(these circles) is fixed the Equinoctial circle. 

Determination of the 1° an< ^ ^et ^ ie ^ W0 s °l s fi ces 

places of the is signs in the be'marked abovo the intersection of 
1 the Equinoctial and one of the two 

supporting circles (i. e. at the distance of the Sun’s greatest 
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declination from the intersection to the north and south on the 
supporting circle) and the two equinoxes (at the intersection 
of the equinoctial and the other supporting circle). 

Then from the equinox at the exact degrees of every sign 
(i. e. at every 30°) the places of Aries and other signs should 
be determined by the transverse strings (of the circle). 

There is another circle passing from 

The Ecliptic. , . ^ 1 

solstice to solstice. 

12 and 13. (This circle) is called the Ecliptic : in this, the 
Sun, enlightening the worlds, always revolves. 

(But) the Moon and other (planets) being attracted from the 
ecliptic by their nodes situated in the ecliptic are seen at the 
ends of (tlieir respective) latitudes. 

(The point of the ecliptic) in the 

The Horoscope. eastern horizon is called the Lagna 

(the horoscope) and (the point) just setting is called the Asta 
lagna (or the setting lagna) on account of its setting. 

14. The point of the ecliptic in 

The Madhta Lagna or r , 

the culminating point of the the middle of the visible heaven (or 


point of the ecliptic) as determined through the rising periods 
of the signs ascertained for Lanka (in 48th S'loka of the 3rd 
Chapter) is called the Madhyama (Lagna). 

The Antt ' (Suppose a line between the two 

intersections of the meridian of a 
given place and a given diurnal circle). The string (or the 
portion of that line) intercepted between the meridian and 
the horizon (in terms of the radius of a great circle) is called 





(On the terrestrial globe) consider- 

JIk ITou/.jii. ing the given place as the highest, 

surround the sphere with the horizon in its middle (i. e. 00° 
distant from the given place). 

The self-revolving Spheric 16. Thus having surrounded the 
instrument. sphere (the axis of which, should be 

elevated to the height of the polo) lay the horizon (made as 
level as water) and covered (in its lower half) by wax cloth, 
make it rotate by the force of the current of water for the 
knowledge of the passage of time. 

17. (Or let an astronomer) make the sphere (a self-revolv¬ 
ing instrument) bjr means of mercury. 

The method (of constructing the revolving instrument) is 
to be kept a secret, as by its diffusion here it will be known 
to all (and then there will be no surprise in it). 

Therefore, from the instruction of the teacher construct the 
excellent spheric instrument (so that it may be self-revolving). 

(The knowledge of) this, tlie Sun’s method is lost at the 
end of every Yuga, 

19. It arises again by the favour of some one (great 
astronomer) when he pleases. 

So let other self-revolving instruments be furnished for 
measuring time. 

20. To (such) a surprising instrument let (an astronomer) 
alone apply his contrivance, (in secret). 

Other instruments for mea- Let smart (astronomers) from the 
curing time. instruction of their teacher know the 

hour (of the day) by the dial instruments gnomon, staff, semi¬ 
circle and circle in various ways. 

21. Let also (astronomers) determine tlie hour exactly by 
the water-clocks, clepsydra &c., and the sand-clocks in the 
shape of peacock, man or monkey. 

22. (Tor tlie self-revolution of the said -instruments) apply 
tlie hollow spokes (half filled) with mercury, water, threads, 
ropes, mixture of oil and water, mercury and sancl to them 
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(i. e. the instruments). These applications are very difficult of 
attainment. 

Kapaia Yantai or Clep- 23. The copper vessel (in the 
EJ clla ' shape of the lower half of a water jar) 

which has a small hole in its bottom and being placed upon 
clean water in a basin sinks exactly 60 times in a nyctheme- 
ron, is called the Kafala Yantka. 

24. As also that instrument the 

The Gnomon. 

Gnomon is very useful by day when the 
Sun is clear, and an excellent means of ascertaining time by 


Couelirion 25. Having known exactly the 

science of the planets and stars and 
the .spheric, man attains (his residence at) the spheres of the 
planets (Moon &c.) and becomes acquainted with the spiritual 
knowledge by his regeneration, attains to spiritual knowledge 
in a subsequent birth. 

End of the thirteenth Chapter called Jyautisiiopanishat. 


CHAPTER XIY. 

On kinds of time. 





02 'fra-ntlaiion of the 

here) for knowing the 60 SamyatsAbas,* and the other jianas 
arc not always (used). 

3. The lengths of the day and 

Use of the solar mana. . c , ,, , 

night, the Shadas iti-mukhas,t the 
solstitial and equinoctial times, and the holy time of Sas- 
krantj (i. e. the time of the entrance of the Sun into a sign at 
which a good action brings good desert to the performer) 
are determined by the solar majta. 

TheSHAoAs'fnMmcHA. 4 ' Every eighty.sixth (solarj) day 
reckoned from the time of Tuladi 
(i. e. from the time at which the Sun enters the sign Libra) 
is called Shadas'ih-iiukha in succession. These four days lie 
(in the four solar months) when the Sun is in the four signs 
of two natures (i. e. Gemini, Virgo, Sagittarius and Pisces). 

There are four SnApAsTri 5 . (The first ShADAS ITI-JIUKHA hap- 
Mdkhas m a rear. pe ns when the Sun is) at the 26th de¬ 

gree of Sagittarius, (the second) at the-22nd degree of Pisces, 
(the third) at the 18th degree of Gemini and (the fourth) at 
14tli degree of Virgo. 

6. Then (after the fourth Shadas Tti-mukha) the remaining 
16 solar days of the solar month at which the Sun is in Virgo, 
are equal to a sacrifice (i. e. good actions performed in these 
days give great merit equal to that of a sacrifice) and in these 
days a gift given in honour of deceased ancestors is imperish¬ 
able (i. e. the gift gives infinite merit). 

J?0U1- common points of 7. In the middle of the starry 
the ecliptic. sphere, the two equinoxes are diame¬ 

trically opposed, so are the two solstices (in the ecliptic) : 
these four points (of the ecliptic) are very common. 

Its oilier points. 8. Again, between every two con¬ 

secutive points (of them) two Saheean- 


* See 55th S'j.oej of the first Chapter. B. D. 
t Tins word will be explained in the following S'ioxa. B. D. 

I By a solar day is here meant the time in which the Sun motes one d 
of the Ecliptic, ,B. D. . 
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25. Then having 1 learned the divine knowledge from the 
Slui himself, Maya considered himself as one who had done his 
duty, and free from sins. 

2G. Then having known that Maya had obtained a blessing 
of the Sun (some) saints approached and asked him respect¬ 
fully the knowledge. 

27. He (Maya) being delighted gave the great knowledge 
of the planets to them (the saints) which is very surprising in 
this world, secret and equivalent to the holy knowledge. 

End of the 14th Chapter, of the Second Part, and of the 


Postscript by the Translator. 

It is stated in the Surya-siddhanta that a dialogue took 
place between a man partaking of the nature of the Sun and 
a Demon called Maya 2,164,900 years before the present time.. 
But nobody knows who has put this dialogue into verse or 
the date of this versification. People believe that it is the 
production of some Muni (saint), and many are of opinion that 
it is the oldest of eighteen ancient astronomical works. Its 
style is easy, and the reading of it, as of the Puranas, is 
considered to be meritorious. Every subject is treated more 


fully in this than in any other of the ancient Siddhan' 
the revolutions of the planets are so correctly stated ir 
their places can be determined with great accuracy. 
The names of the eighteen ancient Siddhantas arc 


it that 


1. Surya-siddlianta. 

2. Brahma-s. 

3. Vyasa-s. 

4. Yasislitha-s. 

5. Atri-s. 

6. Paras'ara-s. 

7. Kas'yapa-s. 

8. Narada-s. 

9. Garga-s. 


10. Marichi-s. 

11. Manu-s. 

12. Angiras-s. 

13. Lomas'a-s. 

14. Pnlis'a-s. 

15. Chyavana-s. 

16. Yavana-s. 

17. Bhrigu-s. 

18. S'annaka or Soma- 
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TRANSLATION OF THE GOLADHYAYA OF TIIE 
SIDDHANTA-STROMANI. 


CHAPTER I. 


In praise of the advantages of the study of the Spheric. 
Salutation to Ganesa ! 


Invocation 1- Having saluted tliat God, who 

when called upon brings all under¬ 
takings to a successful issue, and also that Goddess, through 
whose benign favour the tongues of poets, gifted with a flow of 
words ever new and with elegance, sweetness and playfulness, 
sport in their mouths as in a place of recreation, as dancing- 
girls adorned with beauty disport themselves in the dance with 
elegance and with every variety'- of step, I proceed to indite 
this work on the Sphere. It has been freed from all error, 
and rendered intelligible to the lowest capacity. 

2. Inasmuch as no calculator can 
hope to acquire in the assemblage of 
the learned a distinguished reputation as an Astronomer, with¬ 
out a clear understanding of the principles upon which all the 
calculations of the mean and other places of the planets are 
founded, and to remove the doubts which may arise in his 
own mind, I therefore proceed to treat of the sphere, in such 
a manner' as to make the reasons of all my calculations 


Object of the work. 


manifest. On inspecting the Globe they become clear and 
manifest as if submitted to the eye, and are as completely 
at command, as the wild apple (anwla) held in Ihc palm of 
the hand. 
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Translation of the 


•3. As a feast with abundance of 
of^ho*Spheric. 311 lfe ' ll0lancc all things but without clarified butter, . 

and as a kingdom without a king, and 
an assemblage without eloquent speakers have little to recom¬ 
mend them ; so the Astronomer who has no knowledge of the 
spheric, commands no consideration. 

4. As a foolish impudent disputant, who ignorant of gram¬ 
mar (rudely) enters into the company of the learned and vainly 
prates, is brought to ridicule, and put to shame by the frowns 
and ironical remarks of even children of any smartness, so he, 
who is ignorant of the spheric, is exposed in an assemblage of 
the Astronomers, by the various questions of really accom¬ 
plished Astronomers. 


Object of tlio Armillnry 5.- The Armillary sphere is said, by 
B P liere- the wise, to be a representation of the 

celestial sphere, for the purpose of ascertaining the proofs of 
the positions of the Earth, the stars, and the planets : this is a 
species of figure, and hence it is deemed by the wise to be an 
object of mathematical calculation. 

6. It is said by ancient astrono- 

In praise of mathematics. ^ 

mers that the purpose of the science 
is judicial astrology, and this indeed depends upon the influence 
of the horoscope, and this on the true places of the planets : 
these (true places) can he found only by a perfect knowledge 
of the spheric. A knowledge of the spheric is not to be 
attained without mathematical calculation. How then can a 
man, ignorant of mathematics, comprehend the doctrine of 
the sphere &c. ? 

Who is likely to under- 7 - Mathematical calculations are 
take the study with effect. 0 f ^ Y0 kinds. Arithmetical and Alge¬ 
braical : he who has mastered both forms, is qualified if he have 
previously acquired (a perfect knowledge of) the Grammar (of 
the Sanskrit Language,) to undertake the study of the various 
branches of Astronomy. Otherwise he may acquire the name 
(but never the substantial knowledge) of an Astronomer. 
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8. He who lias acquired a perfect 
In piaise of Giammiu. knowledge of Grammar, which has been 
termed Vedayadana i. e. the mouth of the Vedas and domi¬ 
cile of Saraswati, may acquire a knowledge of every other 
science—nay of the Vedas themselves. For this reason it is 
that none, but he who lias acquired a thorough knowledge of 
Grammar, is qualified to undertake the study of other sciences. 

The opinion of others on 9- O learned man; if you intend 
Tiew oFextendiiwtlie^tudy *° S ^ UC V ^e spheric, study the Treatise 
of it. of Bhaskara, it is neither too concise 

nor idly diffuse : it contains every essential principle of the 
science, and is of easy comprehension ; it is moreover written 
in an eloquent style, is made interesting -with questions ; it im¬ 
parts to all who study it that manner of correct expression in 
learned assemblages, approved of by accomplished scholars. 

End of Chapter I. 


CHAPTER II. 

Questions on the General view of the Sphere. 

^ Questions regarding the 1. This Earth being- encircled by 
Earfcl1 - the revolving planets, remains sta¬ 

tionary in the heavens, within the orbits of all the revolving- 
fixed stars ; tell me by whom or by what is it supported, that it 
falls not downwards (in space) ? 

2. Tell me also, after a full examination of all the various 
opinions on the subject, its figure and magnitude, how its prin¬ 
cipal islands mountains and seas are situated in it ? 

3. Tell me, 0 my father, why the 
calcukti'ons iS'^in 8 ascer- place of a planet found out from well 
tabling planets’ true places calculated Ahargana (or enumeration 
and their causes. „ , , . , , , , - 

of mean terrestrial days, elapsed from 




















110 • Translation of the [II. 5. 

are (at one time) added to and (at another) subtracted from it ? 
Wlmt is the twofold correction called Dmkkap.jia* which 
. learned astronomers have applied (to the true place of a pla¬ 
net) at the rising and setting of the planet? Answer me all 
these questions plainly, if you have a thorough knowledge of 
the sphere. 

Questions regarding the 5. Tell me, 0 you acute astrono- 
Ienglh of the day and night. mei% w]lyj , v]len 4e g lln is on t lie 

northern hemisphere, is the day long and the night short, and 
the day short and the night long when the Sun is on the south¬ 
ern hemisphere ? 

6. How is it that the day and 
night of the Gods and their enemies 
Haityas correspond in length with 
the solar years ? How is it that the 
night and day of the Pitris is equal in length to a (synodic) 
lunar month, and how is it that the day and night of Brahma 
is 2000 vuGASf in length ? 

Questions regarding the Why, 0 Astronomer, is it that 

periods of risings of the the 12 signs of tlie Zodiac which are 
signs of the Zodiac. ^ Qf ^ ^ ^ un0qual 

times (even at the Equator,) and why are not those periods of 
rising the same in all countries ? 


Questions regarding the 
length of the day and night 
of the Gods Daittas,Pitris 
and Brahma'. 


replaces of 8. Shew me, 0 learned c 


, the 

the llruj'yA, the Kujya', &c. placeg of tlle JIytjjya (the radius of 
the diurnal circle), the Ktjjya (the sine of that part of the 
"arc of the diurnal circle intercepted between the horizon and 
t-lio six o’clock line, i. e. of tlie ascensional difference in terms 

* [Drikkarma is the correction requisite to be applied to the place of a pla¬ 
net, for finding-the point of the ecliptic on the horizon when the planet reaches 
it. This correction is to bo applied to the place of a planet by means of its 
two portions, one called the Ayaea-Drikkarma and the other the Aksha-drik- 
earaia. The place of a planet with the Ayaxa-deiekarjia applied, gives the 
point of the ecliptic on the six o’clock line when the planet arrives at it: and 
this corrected place of the planet, again with the Aksha-drikkakma applied, 
gives the point of the ecliptic on the horizon when tlie planet comes to it. B. I).] 
t Tlie Kiuta, Trt’ta 7 , Dwa'para and Kali are usually called Ttigas : but 
the four together form only one Ytjga, according to the Sidbha'nta system, 
each of these four being held to he individually but a YraA'KGmu, L. W. 







11.2 Translation of Ike [III. 1. 

brightness, as from association witli the Sun, attain her circu¬ 
lar form ?* 

End of the second Chapter. 


CHAPTER III. 

Galled Bkuvana-hos'a or Cosmography. 

The excellence of the lr The Supreme Being Para Be ah- 
Supremo Being. ma the .first principle, excels eternally. 

From the soul (Purusha) and nature (Prakriti,) when excited 
by the first principle, arose the first Great Intelligence called 
the Mahattattwa or Buddiiitattwa : from it spirting self-con¬ 
sciousness (AhamkXra :) from it were produced the Ether, Air, 
Fire, Water, and Earth; and by the combination of these was 
made the universe Beahmanua, in the centre of which is the 
Earth : and from Brahma ChatueIkana, residing On the sur¬ 
face of the Earth, sprung all animate and inanimate things. 

, 2. This Globe of the Earth form- 

Desoription of the Earth. • , . . , , 

ed of (the five elementary principles) 

Earth, Ah’, Water, the Ether, and Fire, is perfectly round, and 
encompassed by the orbits of the Moon, Mercury, Y>enus, the 
Sun, Mars, Jupiter, and Saturn, and by the constellations. It 
has no (material) supporter; but stands firmly in the expanse 
of heaven by its own inherent force. 'On its surface through¬ 
out subsist (in security) all animate and inanimate objects, 
Dakotas and human beings, Gods and Daityas. 

subject, being much addicted to conceit's. The' Second interpretation of this 
verse is as follows : 

Ah! why docs the most learned of Brahmans, though distinguished by his 

conduct caused by derangement P It is no wonder that, the said Brainnan after 
having met with a Brahman shilled in the Vedas, and by having recourse to 
him, thenceforth becomes distinguished for liis eminent good conduct, by gradual 
augmentation of his illustriousncss. L. W. 
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8. It is covered on all sides witli multitudes of mountains, 
groves, towns and sacred edifices, as is tlie bulb of tbe Nauclea’s 
globular flower with, its multitude of anthers. 

Refutation of the supposi- 4 ‘ If tl}0 Eartl1 were supported by 
cessive" 14 th ® ® artl111113 su0 " any material substance or living crea¬ 
ture, then that would require a second 
- supporter, and for that second a third would be required. 
Here we have the absurdity of an interminable series. If 
the last of the series be supposed to remain firm by its own 
inherent power, then why may not the- same power be supposed 
to exist in the first, that is in the Earth ? For is not the Earth 
one of the forms of the eight-fold divinity i. e. of S'iva. 
Refutation of the objec- -^- s heat is an inherent property 

] tl ° 1, its'o *i iiheient 0 iowe* ® U11 aiK ^ E * re > aS C0 ^ 01 Eie 

Moon, fluidity of water, and hardness 

of stones, and as the Air is volatile, so the earth is naturally 
immoveable. For oh ! the properties existing in things are 
wonderful. 

6. The* property of attraction is inherent in the Earth. 
By this property the Earth attacts any unsupported heavy 
thing towards it: The thing appears to he falling [but it is in 
a state of being drawn to the Barth]. The etherial expanse 
being equally outspread all around, where can the Earth fall ? 

7. Observing the revolution of the 
constellations, the Baoddhas thought 

that the Earth had no support, andasnohea.vybodyissee.il 
stationary in the air, they asserted that the earthf goes eternal¬ 
ly downwards in space. 

8. The Jajnas and. others main- 
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[TIL 19. 

l!l. A man on whatever part of the Globe he may be, 
thinks the Earth to he under his feet, and that lie is standing 
up right upon it: but two individuals placed at 90’ from each 
other, fancy each that the other is standing in a horizontal 
line, as it were at light angles to himself. 

20. Those who are placed at the distance of half the 
Earth's circumference from each other are mutually antipodes, 
as a man on the hank of a river and his shadow reflected in 
the water : But as well those who are situated at the distance 
of 90° as those who are situated at that of 180° from you, main¬ 
tain their positions without difficulty. They stand with the 
same ease as we do here in our position. 

Positions of the Dwi'pas 21. Most learned astronomers have 
a,ld Sea3 - stated that JaiibudwIpa embraces the 

whole northern hemisphere lying to the north of the salt sea : 
and that the other six Dwi'pas and the (seven) Seas viz. 
those of salt, milk, &c. are all situated in the southern hemis¬ 
phere. 

22. To the south of the equator lies the salt sea; and to 
the south of it the sea of milk, whence sprung the nectar, 
the Moon and the Goddess Lakshmi', and where the Omni¬ 
present VXsudeva, to whose Lotus-feet Brahma and all the 
Gods bow in reverence, holds his favorite residence. 

23. Beyond the sea of milk lie in succession the seas 
of curds, clarified butter, sugar-cane-juice, and wine; and, 
last, of all, that of sweet Water, which surrounds Vadavanala. 
The Pa'tala Lokas or infernal regions, form 'the concave 
strata of the Earth. 

24. In those lower regions dwell the race of serpents (who 
live) in the light shed by the rays issuing from the multitude 
of the brilliant jewels of their crests, together with the multi¬ 
tude of Asuras; and there the Siddhas enjoy themselves 
with the pleasing persons of beautiful females resembling the 
finest gold in purity. 

25. The Sara, S almai.a, Kaus'a, KrXuncha, Gomedaka, and 
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SulMnta-sirorwm. 

Pushicara Dwipas are situated [in the intervals of the above 
mentioned seas] in regular alternation : eaeli .Dwipa lying’, 
it is said, between two of these seas. 

Positions of the Monn- 26. To the North of Lanka lies 
• nino JA KHANpM^parts ^ ie Himalaya mountain, and beyond 
caused bj the mountains. that the Hejiakuta mountain and 
beyond tliat again the Nishadha mountain. These three 
Mountains stretch from sea to sea. In like manner to 
the north of Siddhapura lie in succession the S'ringavXn 
S ’ttkla and Nila mountains. To the valleys tying- between 
these mountains the wise have given tlie name of Varshas. 

27. This valley which we inhabit is called the BhArata- 
yarsha; to the North of it lies the Kinnaravarsha, and 
beyond it again the Harivaesiia, and know that the north 
of Siddhapura in like manner are situated the Kuku, Hiran- 
maya and Rajiyaka Var-shas. 

28. To the north of Yamakoti lies the Malyavan mountain, 
and to the north of Romakapattana the Gandeama'dana 
mormtain. These two mountains are terminated by the ‘Nila 
and Nishadha mountains, and the space between these two 
is called the Ilaviuta Yaesiia. 

29. The country lying between the Malyavan mountain 
and the sea, is called the Bhabra's'wa-vaksha by the learned : 
and geographers have denominated the country between the 
Gandhajiadana and the sea, the Ketumala-varsha. 

30. Tire Ilavrita-varsha, which is bounded bjf tlie 
Nishadha, Nila, Gandeama'dana and Malyavan mountains, is 
distinguished by a peculiar splendour. It is a land rendered 
brilliant by its shining gold, and thickly covered with the 
bowers of the immortal Gods. 

Position of tlie mountain 31. Ill the middle of the 1.L.VVR1TA 
Mveu in Ilavhita. VAirsmA stands the mountain Mioim, 

which is composed of gold and of precious stones, the abode 
of the immortal Gods. Expounders of the I’uninas have 
further described this Men; to be the pericarp of the earth- 
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[III. 41. 





from it: but Lanka' and not Ujjayini lies due west from 
Yamakoti. 


47. 




The same is the case everywhere ; no place can lie west of 
that which is to its east except on the equator, so that east 
and west are strangely related.* 

sphere mau s^uated oil the equa¬ 

tor sees both the north and south 
poles touching [the north and south points of] the horizon, 
and the celestial sphere resting (as it were) upon the two 
poles as centres of motion and revolving vertically over his 
head in the heavens, as the Persian water-wheel. 

49. As a man proceeds north 
jm the equator, he observes the 
constellations [that revolve vertically over his head when 
seen from the equator] to revolve obliquely, being deflected 
from his vertical point: and the north pole elevated above 
his horizon. The degrees between the pole and the horizon 
are the degrees of latitude [at the place]. These degrees 
are caused by the Yojanas [between the equator and the 
place], . 

How the degrees of inti- 50. Tire number of Yojanas [in 
the arc of any terrestrial or celestial 
, circle] multiplied by 360 and divided 
by [the number in Yojanas in] the circumference of the 
circle is the number of degrees [of that arc] in the earth 
or in the planetary orbit in the heavens. The Yojanas are found 
from the degrees by reversing the calculation. 

•51. The Gods who live in the 
Parallel sphere. mount M.eru observe at their zenith 










work entitled DirnTjDDninA-TAWTitA is 285,63,38,557 square 
ro.!AXAS, tvliiell lie appears to have found by multiplying tlie 
square contents of tlie circle by tlie circumference.] 

Shows (he wrongness of 54. If a piece of clotli be cut ill 
the Rule given bj Ldllu. a c fo cu ] al . form with a diameter equal 
to half the circumference of the sphere, then half of the sphere 
will be (entirely) covered by that circular cloth and there will 
still be some cloth to spare. 

55. As the area of this piece of cloth is to be found nearly 
24 times tlie area of a great circle of the sphere : and the 
area of the piece of cloth covering the other half of the sphere 
is also the same ; * 

56. Therefore tlie area of the whole sphere cannot be more 
than 5 times tlie area of tlie great circle of the sphere. How 
then has he multiplied [the area of the great circle of the 
sphere] by the circumference [to get the superficial contents 
of tlie sphere] ? 

57. As the area of a great circle [of the sphere] multiplied 
by the circumference is without reason, the rule (therefore of 
Lalla for the superficial contents of the sphere) is wrong, 
and the superficial area of the Earth (given by him) is conse¬ 
quently wrong. 

Otbe 'wise 58, 59. Suppose the length of the 

[equatorial] circumference of the globe 
equal to 4 times the number of sines [viz. 96, there being 24 
siues calculated for every 3°f, which number multiplied by 
4 = 96] and such oblong sections equal to the number of the 
length of the said circumference and marked with the vertical 
lines [running from pole to pole], as there are seen formed by 
nature on the anwla fruit marked off by the lines running 
from the top of it to its bottom. 

The area of a circle whoso diameta is V will be about 3SJ ; that of a circle 
whose diameter is 11 (i circumference) will be about 89? this 89? is little less 









Sidh ante 


125 


s fclie superficial area of one section thus determined 
o the diameter of the globe, the product found by 
ng the diameter by the circumference has therefore 
sited to be the superficial contents of a sphere, 
a deluges or dis- 62. The earth is said to swell to 
the extent of one Yojana equally all 
from the centre] in a day of Brahma by reason of 
r of the natural productions which grow upon it: in 
IMA deluge that increase is again lost. In the grand 
in which Bhahma himself as well as all nature fades 
a] the Earth itself is reduced to a state of nonentity. 

63. That extinction which is daily 
talcing place amongst created beings is 
3 Dainandiha or daily extinction. The Beaiima ex- 
or deluge takes place at the end of Brahma’s day: 
sated beings are then absorbed in Brahma’s body. 

-s on the extinction of Brahma himself all things are 
into nature, wise men therefore call that dissolution 
[ritika or resolution into nature. Things thus in a 
extinction having their destinies severally fixed arc 
sduced in separate forms when nature is excited (by 


>ut men, who have destroyed all their 
iwledge of the soul, having abstracted 
dly acts, concentrate then thoughts 
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G8. Those, however, who have had a most perfect mastery 
of the clear doctrine of the sphere, have declared that this is 
the length of that circumference bounding the limits, to which 
the darkness dispelling rays of the Sun extend. 

69. But let this be the length of the circumference of the 
Brahjianda or not : [of that I have no sure knowledge] but it 
is my opinion that each planet traverses a distance correspond¬ 
ing' to this number of Yojanas in the course of a Kalpa or 
a day of Brahma and that it has been called the Khakaksha by 
the ancients. 

End of third Chapter called the Biidvana-kos'a or cosmo- 
graphy. 


CHAPTER IV. 

Called Madhya-gati-vasanA. 

On the principles of the Rules for finding the mean places of 
the Planets., 

Places of the several 1. The seven [grand] winds have 
wiuc1s - thus been named : viz.—■ 

1st. The Avaha or atmosphere. 

2nd. The Pravaha beyond it. 

3rd. The Udvaha. 

4th. The Samvaha. 

5th. The Suvaha. 

6th. The Parivaha. 

7th. The Paravaha- 

2. The atmosphere extends to the height of 12 Yojanas 
from the Earth : within this limit are the clouds, lightning, &c. 
The Pravaha wind which is above the atmosphere moves con¬ 
stantly to the westward with uniiorm motion. 

3. As this sphere of the universe includes the fixed siars 
and planets, it therefore being impelled by the i’ravaha. wind, 
is carried round with flic stars and planets in a constant 
revolution. 
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Rcrolnfiom of the Sun in ^ s ' c 1 erea I day consists invari- . 
"c-oh’iUons’of'sia -V” ,b ° °f sidereal giiatika's : a mean 

savana clay of the Sun or terrestrial 
clay consists of that time with an addition of the number of 
asus equal to the number of the Sun’s daily mean motion 
[in minutes]. Thus the number of terrestrial days in a year 
is less by one than the number of revolutions made by the 
fixed stars. 


Length of solar yi 


8. The length of the (solar) year is 
865 clays, 15 ghatikas, 30 palas, 221- 
vi papas reckoned in Bhumi saivaha or terrestrial days : The 
■d-Tli of this is called a saura (solar) month, viz. 30 days, 26 
CHATIEA'S, 17 PAIAS, 31 YIPALAS, 521 PRAVIPALAS. Thirty 
s a yah a or terrestrial days make a sayana month.* 


length of lunar month 9. The time in which the Moon 
oi lunation. [after being in conjunction with the 

Sun] completing a revolution with the difference between the 
daily motion and that of the Sun, again overtakes the Sun, 
(which moves at a slower rate) is called a Lunar month. It is 
29 days, 81 Ghatika's, 50 palas in length.f - 
The reason of additive 10. An Adhimasa or additive month 
months called Adhima'sas. which i s lunar, occurs in tlie duration 
of 321 SAURA (solar) months found by dividing the lunar month 
by the difference between this and the saura month. From 


- [Here a solar year consists of 365 days, 15 GnATiiCAS, 30 pat,as, 221- 
VIPALAS, i. e. 365 d. 6 h. 12 m. 9 s. and in Sdiita-siddiia'kta the length of the 
year is 305 cl. 15 g. 31 p. 31. 4 ». i. e. 365 d. G It. 12 in. 36. 56 s. —B. IX] 

[f That lunar month which ends, when,tlie Sun is in Mtssta stellar Aries is 
called cuaitha and that which terminates when the Sun is in vnisnABHA stellar 
Taurus, is called Vais'aiciu and so on. Thus, the lunar months corresponding 
to the 12 stellar signs Mjcsha (Aries) Vrishabiia (Taurus) Mithuna (Gemini) 
Kahka (Cancer), Siniia (Leo), Kanya' (Virgo), Iota' (Libra), Vnis'cniKA 
(Scorpio), Diiamu (Sagittarius), Makaua (Capricornus), Kumbha (Aquarius) 
and Mika (Pisces), avc Citaitra, Vais' a rkiia, .Tyestttita, A sha mu STiaVana, 
Uha'DRAPABA, A S AVINA, IvA RTIKl, MaTiGAS IUSIIA, PaUsIIA, Ma'cuIA, Olid 
Phalguna. II two lunar months terminate when the Mm is only in one stellar 
sign, the second of these is called Anjriira SA an additive month. The 30th 
part of a lunar month is called litlu (a Umar day).—H. D.] 
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led the places of the planets 
triable and small amount, 
number of asus of the right 


■ of asus equal to the number of minutes of 
ude of the Sun [found at the same time] is 
itween the true and mean ahaeganas.* Mul- 
mce by the daily motion of the planet and 
ict by the number of asus in a nyctliemeron.-|- 


of the Sun], otherwise the result is to be 
aces of the planets. Instead of the right as- 
pie ascension be taken [in this calculation] 
a correction which is to be applied to the 
anets, includes also the CHAKA correction or 
r the ascensional difference. 

■rcction 23. The places of the planets 
EA ' which are found being rectified by 
A correction at the time of sun-rise at LaxkA 
oeing applied with the Desa'ntara correction, 
sun-rise at a given place. This Desa'ntaba 
i-fold, one is east and west and the other 


For this reason, the Sun does not t 
of the ATT arc c; ax A. Therefor® the 
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if) nor Hi and south. This north and south correction is called 

24. The line which passes from Lawk,!, Ujjayjn/, Kuriu- 
ksiietra and other places to Meru (or the North Pole of the 
Earth) has been denominated the MadhyarekiA mid-line of 
the Earth, by the Astronomers. The sun rises at any place 
east of this line before it rises to that line : and after it lias risen 
on the line at places to its west. On this account, an amount 
of the correction which is produced from the difference be¬ 
tween the time of sun-rise at the mid-line and that at a given 
place, is subtractive or additive to the places of the planets, 
as the given place be east or west of the mid-line- [in order 
to find the places of the planets at the time of sun-rise at the 
given place]. 

25. As the- [small] circle which is described around Merc 
or North Pole of the Earth, at the distance in Tojana.s reckon¬ 
ed from Meru to given place and produced from co-latitude 
of the place [as mentioned in the verse 50th, Chapter III.] 
is called rectified circumference of the-Earth (parallel of latitude) 
[at that place] therefore [to find this rectified circumference], 
the circumference of the Earth is multiplied by the sine of co¬ 
latitude [of the given place] and divided by the radius. 

End of 4tli Chapter called Madi-iya-Gati Vasana. 


* This amount of correction is determined in the following manner. 

The yojanas between the midlino mid the given place, in the parallel of 
latitude at that place, which is denominated SrASiiTA-rAMDiii nra called, 
Des'a'ntatia tcjanas of that place. Then by the proportion. 

As the number of yojanas in the SPASiiTA-rjLUiniu : GO guatieas • : Desa'n- 
TAitA yojanas : the difference between the time of sun-rise at midline and that 
at a given place. This difference called Djss'a'ntaha ghatika's is the longitude 
in time east or west from Lanka'. Again 

As 60 gitatijca's : daily motion of the planet: : Desanta'ka GHATIKa's : 
the amount of the correction required. 

Or this amount can be found by using the proportion only once such ns follows 
As the number of yojanas in (he SrASDTA-PAitiDHi: daily motion of the 
planet: : LgsantaeA YojanaS: the same amount of the correction above 
found.- B.D.j 
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4. Half the radius is the sine of an arc of 30°: The 
co-sine of an arc of 30° is the sine of an arc of 60°. 

Half the root of the sum of the squares of the sine and 
versed sine of an arc., is the sine of half that arc. 

5. Or, the sine of half that arc is the square-root of half 
the product of the radius and the versed sine. 

The sines and co-sines of the halves of the arcs before found 
may thus be found to any extent. 

6. Thus a Mathematician may find (in a quadrant of a,, 
circle) 3, G ; 12, 24 &c., sines to any required extent.* 

Or, in a circle described with a given radius and divided 
into 360°, the required sines may be found by measuring their 


. 7,-f* As the centre of the circle of 
the constellation of the Zodiac coin¬ 
cides with the centre of the Earth : 


- [When, 24 sines nrc to be determined in a quadrant of a circle, the 3 sines, 
i. e. 12th, Sth and 3 0th, can be easily found by the method here given for finding 
the sines of 45°, 30°, and the complement of 30°, i. e. 60°. Then by means 
of these three sines, the rest can be found by the method for finding the sine 
of half an arc, as follows. From the Stli sine, the4th and the co-sine of the 4th 
i. e., the 20th sine, can be determined. Again, from the 4th, the 2nd and 22nd, 
and from the 2nd, the 1st and 23rd, can be found. In like manner, the 10th 
14th, 51 h, 19th, 7th, 17th, 11th, and 13th, can also be found from the 8th sine. 
From (lie 12th again, the 6th, 18th, 3rd, 21st, 9th and 15th can be determined, 
and the radius is tiie 24th sine. Thus all the 24 sines are found. Several 
other methods for finding the sines will be given in the sequel.— B. D.] 

[t Bha'skaha'cua'bya maintains that the Earth is in the centre of the 
Universe, and the Sun, Moon and the five minor planets, Mars, Mercury, &c. 
revolve round the Earth in circular orbits, the centres of which do not coincide 
with that of the Earth, with uniform motion. The circle in which a planet 
revolves is called Piutivrttta, or excentric circle, and a circle of the same size 
which is supposed to hare the same centre with that of the Earth, is called 
Kaksua'vritta or concentric circle. In the circle, the planet appears to revolve 
with unequal motion, though it revolves iu the excentric with equal motion. 
The place where the planet revolving in the excentric appears in the concentric 
is its true place and to find this, astronomers apply a correction called jiaxda- 
rifALA (1st equation of the centre) to the mean place of the planet. A mean 
ply.net thus corrected is called jiaxda-spashta, the circle in which it revolves 
aiaavda-pbativritta (1st excentric) and its farthest point from the centre of the 
concentric, srA^DOCiicn (1st higher Apsis). As the mean places of the Sun and 
Moon when corrected by 1st equation become true at the centre of the Earth, 
this correction alone is sufficient for them. But the five minor planets, Mars, 
Mercury, &e. when corrected by the 1st equation are not true at the centre of 
the Earth but at another place. For this reason, astronomers having assumed 


lengths in digits. 

Reason of correct ion which 
is required to find the true 
from the mean place of a 
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supreme Brahma himself it was brought down to the Earth 
by Yasishtha and other holy Sages in regular succession; 
though it was deemed of too secret a character to be divulged 
to men or to the vulgar. Hence, this is not to be communi¬ 
cated to those who revile its revelations, nor to ungrateful, 
evil-disposed and bad men : nor to men who take up their 
residence with its professors for but a short time. Those 
professors of this science who transgress these limitations 
imposed by holy Sages, will incur a loss of religious merit, and 
shorten their days on Earth. 


Construction of a dia 10. In the first place then, de- 

gram to illustrate the ex- scribe a circle with the compass opened 

tlu.oiy. f. Q y ie Jono-tlr of the radius (3438). 

This is called the kajcsi-iAvritta, or concentric circle; at the 
centre of the- circle draw a small sphere of the Earth with a 
radius equal to -Jwth* of the mean daily motion of the planet. 

11. In this concentric circle, having marked it with 360°, 

find the place of the higher apsis and that of the planet, 

counting from the 1st. point of stellar Aries; then draw a 

(perpendicular) diameter passing through the centre of the 
Earth and the higher apsis (which is called uchcha-rekha, 
the line of the apsides) and draw another transverse diameter 
[perpendicular to tlie first] also passing through the centre. 

12. On this line which passes to the highest apsis from the 
centre of the Earth, take a point at a distance from the Earth’s 
centre equal to the eccentricity or the sine of the greatest 
equation of the centre, and with that point as centre and the 
radius [equal to the radius of the concentric], describe the 
prativjIitta or eccentric circle; the uchciia-eekha answers 
tlie like purpose also in this circle, but make the transverse 
diameter different in it. 
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place of the higher apsis in it also. From this mark the first 
stellar Aries, at the distance in degree of the higher apsis 
in antecedents: the place of the planet must he then fixed 
counting the degree from the mark of the 1st Aries in the 
usual order. 

The distance between the higher apsis and the planet is call 
ed the kendra.* The right line let fall from the planet on the 
uchcha-rekiia' is the sine of BHUJA of the icendea. The right 
line falling from the planet on the transverse diameter is the 
cosine of the kendra, it is upright and the sine of bhuja is a 
transverse line. 


The principle on which 15. As the distance between the 
amountof equationof centre diameters of the two circles is equal 
IS based. to the excentricity and the co-sine 

of the kendua is above 'and below the excentricity when the 
kendra is mrigadi and KAEKYA'Di (respectively) .-j- 

The word Keudra or centre is evidently derived from the Greek word 
uevrpov and means the true centre of the planet.—L. W. 

f [In (Fig. 1) P K is the sphtjta koti and P .E the icaena (the hypothenuse) 
which cuts Ihc concentric at T. Hence the point T will be the apparent place 
of the planet and T M the equation of the centre. 

This equation can be determined as follows. 

Draw j\I n perpendicular to E T, it will be the sine of the equation and the 
triangle P M u will be similar to the triangle PEL 
P E : E K = P M : jtf n ; 

PJUK 


=-, for P M = I E = E O 


^ How, let /r == EE 
then the sphuta izoi 

EAItETADI, and h — 
iieuce by 
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32. If tlie diagrams (of the excentric and epicycle) be 
drawn unitedly., and the place of the planet be marked off in 
the manner before explained, then the planet will necessarily 
be in the point of the intersection of the excentric by the 
epicycle. 

33. [In illustration of these opposite motions, examine an 
oil-man’s screw-press.] As in the oil-man’s press, the wooden 
press (moving in the direction in which the bullock fastened 
to it goes) moves (also itself) in the opposite direction to that 
in which the bullock goes, thus th'e motion of the planet, 
though it moves in the excentric circle, appears in antece- 
dentia in the epicycle. 

81. As the centre of the 1st epicycle is in the concentric. 


their true places. the concentric [at- that point cut by 

the first hypothenuse] is the centre of the si'gbra xichochctia, 
vritta or of the 2nd epicycle: In the second or s'ighra 
epicycle is found the true place of the planet. 

35. The first process, or process of finding the 1st equa¬ 
tion, is used in the first place, in order to ascertain the position 
of the centre of the si'ghra nichochcha vritta or of the 2nd 
epicycle, and the 2nd process, or the process of the 2nd 
equation, to ascertain the actual place of the planet. As these 
two processes are mutually dependent, it on this account 
becomes necessary to have recourse to the repetition of these 
two processes. 

36 and 37. Some say that the hypothenuse is not used in 
Explains reason of omis- the lst P roccss > because the difference 
sion of hypothenuse in the (in the two modes of computation) 
siiiDA process. j s inconsiderable, but others maintain 

that since in this process the periphery of the first epicycle 
being multiplied by the hypothenuse and divided by the radius 
becomes true, and that, if the hypothenuse then be used, the 
result is the same as it was before, therefore the hypothenuse is 

































jot two hollow cylinders project beyond the two po 
iggola north and south of the khagola 

lestial sphere, and on these cylind 
skilful astronomer place the driggola double sph 

Vhen the system of the khagola, celestial sphere, 
idth the ecliptic, and all the other circles forming i 
. (which will be presently shown) it is then cal 
a, double sphere. As in this the figures formed 
'es of the two spheres khagola and bhagola are se 
refore called driggola double sphere.* 

THE BHAGOLA, 

Let two circles be firmly fixed on the axis of the po 
ig to the meridian and horizon (of the khagolj 
e called the adhara-vrittas, or circles of suppo: 
equinoctial circle also be fixed on them marked w 
s like the prime vertical (of the khagola). 

Make the ecliptic (of the same size) and mark it w 
12 signs: in this the Sun moves : a 

ip tic. ° 

also in it revolves the Earth’s shad 
;ance of 6 signs from the Sun. The kra'nti-pata 


v-patas [of the other ] 
if these should be mari 
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the kendra with the pa'ta added [to get the exact amount of 
the pata or node] and let the place of the planet be added 
thereto, [we thus get the vikshepa-kendka or the argument 
of the latitude of Mercury or Venus]. Therefore from the 
sTghrochchas of these two planets with the pa'tas added, 
their latitudes are directed by the ancient astronomers to be 
found.* 

25 and 26. The pa'tas or nodes of these two planets added 
to the s'igheochcueas from which the true places of the 
planets hare been subtracted, become spashta or rectified. 
It is the s'pashta-pa'ta which is found in the bhagola (above 
described). 

In the sphere of a planet, take the ecliptic above described 
as the concentric circle, to this circle the second excentric 
circle should be attached, as was explained before, and a circle 
representing the orbit of a planet (and which consequently 
would represent the real second excentric) should be also 
attached to the latter circle noth the amount of latitude 
detailed for it. In this latter circle mark off the mean places 
of the nodes of the (superior) planets, and also mark in it the 
mean place of the nodes of Mercury and Venus added to their 
respective s'lGHEA-KENDEAS.f 

27. Next the ahoratea-veittas or diurnal circles, must be 

Diurnal circles called made on both sides of the equinoctial 
au or'atiu-trittas. [and parallel to it] at every or any 

degree of declination that may be required:—and they must 
all be marked with. CO ghatis : The radius of the diurnal 
circle [on which the Sun may move on any day] is called 
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28. From the vernal equinox mark the 12 signs in direct 
order, and then lot diurnal circles bo attached at the extremity 
of each sign. 

29. On either side of the equinoctial, three diurnal circles 
should be attached in the order of the signs : these again will 
answer for the three following signs. 

The mi aoola has thus been described. This is to be known 
also as the kheciiaea-gola, the sphere of a planet. 

80. Or in the plane of the ecliptic bind the orbits of Saturn 
and of the other planets with cross diameters to support them, 
but these must be bound below (within) the ecliptic in succes¬ 
sive circles one within the other, like the circles woven one 
within the other by the spider. 

31. Having thus secured the bhagola on the axis or 
yaseti, after placing it within the hollow cylinders on which 
the khagola is to be fastened, make the bhagola revolve :— 
it will do so freely without reference to the khagola as its mo¬ 
tion is on the solid axis. The khagola and dsiggola remain 
stationary whilst the bhagola revolves. 

End of Chapter VI. on the construction, of an armillary 
sphere. 


CHAPTER VII. 

Called Teipbas'na-vasaha on the Princijiles of the Bides fur 
resoleimj the questions on time, space, and directions. 

The ascensional difference 1. Tile time called CHAEA-KHUHHA 
end its place. or ascensional difference is found by 

that arc of a diurnal circle intercepted between the horizon 
and the six o’clock line. The sine of that arc is called the 
kujya' in the diurnal circle : but, when reduced to relative 
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3 of as¬ 


ternal <‘ 


2. The horizon, as seen at tlic equator, or in a right 
sphere, is denominated in other places [to the north, or south 
of the equator] the ukmandala six o’clock line : hut as the 
bun appears at any place to rise on its own horizon, the 
d il uiho between the times of the Sun’s rising [at a given 
place and the equatorial region under the same meridian] is 
tlio ascensional difference. 

3. When the sun is in the nor- 
question when the chaka them hemisphere, it rises at any 
?d!!rr° U. JlUT ° U1,tl P^ ace (noi'tli of the equator) before 
it does to that on the equator : but 
it sets after it sets to that on the equator. Therefore the 
correction depending on the ascensional difference is to be 
subtracted at sunrise of a given place from the place of the 
planet [at sunrise at the equator] and to be added at sunset 
to the place of tho planet [as found for the sunset at the 
equator]. 

4. When the Sun is iu the southern hemisphere the reverse 
of this takes place, as the part of the unmandala iu that 
hemisphere lies below the horizon. The halves of the sphere 
north and south of the equinoctial are called the northern and 
southern hemispheres. 

Cause of increase and decrease 5. [And it is in consequence of 
in length of days and nights. this asce nsional difference that] the 
days are longer and the nights shorter (than they are on the 


[fhe time 


intercepted between the liovi 


and by the ares 
the three diurm 
ies, Taurus and Gemini are called the cbara-ka 
these snrns, and the differences of these chakj 


; of those l. ( 
4 and 297 AS 


a is 5 digits or the latitude is nearly 221° north, tho as- 
he 3 first, signs are 297, 541 and fii2 astjs, and the difi- 
7, 244 and 101 are the chaba-kbak^as of those signs. 
lAitA-EHAKBAS of the following three signs inversely i. c. 
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night and day is made in regard to men residing on the sur¬ 
face of the Earth, so also is that of the pitris or deceased 
ancestors who dwell on the upper part of the Moon. 

11. As for the doctrine of astro- 
stated “by "the astrologies . lo g ers ; that it was day with the Gods 
professors or sa'nhitikas. a t meed whilst the Sun was in the ut- 
tarayana (or moving from the winter 
to’ the summer solstice) and night whilst the Sun was in the 
dakshinayana (or moving from the summer to the winter sol¬ 
stice), it can only be said in defence of' such an assertion, that it 
is day when the Sun is turned towards the day, and it is night 
when turned towards the night. Their doctrine has reference 
merely to judicial astrology and the fruits it foretells. 

12. By the degrees by which the Sun proceeds in his nor¬ 
thern course to the end of Gemini, he moves back from that 
sign: entering also the same diurnal circles in his descent as he 
did in his ascent. Is it not therefore that the Sun is visible in 
his descent to the Gods in the place where he was first seen by 
them in his ascent ? 


13. The pitris reside on the upper 
pitris? 111 ° f the day ° f tlle P ar * ; Moon and fancy the foun¬ 

tain of nectar to be beneath themselves. 
They behold the Sun on the day of our amavasya or new Moon 
in their zenith. That therefore is the time of their midday. 

14. They (i. e. the pitris) cannot see the Sun when he is 
opposite the lower part of the Moon : it is therefore, midnight 
with the pitris on the day of the puenima or full Moon. The 
Sun rises to them in the middle of the Krishna paksha or dark 
half of the Moon, and sets in the middle of the s'ukla paksha 
or light half of the Moon. This is clearly established from 
the context;. 


15. As Brahma being at an im-' 
ofI h B e A±r ti0n ° f ‘ ^ niense distance from the Earth, always 
sees the Sun till tie time of the Pra¬ 
ia ya or general deluge, and sleeps for the same time, therefore 



Translation of iltf. 
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the day anil uiglil 'of Bjujima' ore together of 2000 mawactucas 

in length. 

10. As the portion of the ecliptic 
stm'iii risii^ab^ovo , tlio < 'Lo- which is more oblique than the other, 
rizon. rises and sets in a shorter time and 

that which is more upright takes a longer time in rising and 
setting, hence the times of rising of the several signs are 
various [even at the equatorial regions], 

17. The (six) signs from Capricorn to Gemini or ascending 
signs which are inclined towards the south with their respec¬ 
tive declinations whilst they rise even at the equator are still 
more inclined towards the south in the northern latitudes (on 
account of the obliquity of the starry sphere towards the south) : 
hence they arise in still shorter, times than they do at the 
equator. 

IS. At the equator, the [six] .signs from Cancer or de¬ 
scending signs incline whilst they rise to the northerly direc¬ 
tion, but they will have upright direction in consequence of the 
northern latitude, hence they rise in longer times [than thev 
do at the equator.] The difference between the period of the 
rising of a sign in a given latitude, and at the equator under 
the same meridian, is equivalent to the charakhanda of that 

19. Each quarter of the ecliptic rises in 15 ghatis or 
6 hours to those on the equator: and the 6 signs of the 
northern as well the 6 of the southern hemisphere appear to 
rise each in 12 hours or 30 ghatis in every or any latitude. 

20. The three signs from the commencement of Aries to 
the end of Gemini, i. e. the first quarter of the ecliptic, pass 
the tomahbala in 15 ghatis; but the horizon [of a place in’ 
north latitude] is below, the unmahdala, they therefore pre¬ 
viously pass it in time less than 15 giiatis by the cuakakiiandas. 

. 21. The three signs from the end of Virgo to the end of 
Sagittarius, i. e. the 3rd quarter of the ecliptic, pass the unmah- 
dala in 15 GiiAfis; but they pass the horizon of a place 
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afterwards winch is above the rararAitpALA [in north latitude] 
in 1 •_> oiiatis added to the charakhaudas. 

22. ' 1 lie three sums from the end of Gemini to the end of 
Virgo, i. e. the 2nd quarter of the ecliptic or those from the 
end oi Sagittarius to the end of Pisces i. e. the 4th quarter of the 
celipi up pass the horizon in the time equal to the remainder 
of 3<i di ms diminished by the time which the first or third 
quarter takes to pass the horizon respectively. For this reason, 
the times which the smns contained in the 1st and 4th quar¬ 
ters ot the ecliptic, or ascending signs, and those contained 
in the 2nd and 3rd quarters, or descending signs take to pass 
the horizon at a. given place are found by subtracting the 
eiTAiiAiciiAKHAS of the signs from and adding them to the times 
winch those signs take in rising on the equator respectively.* 

23. Having placed the 1st Aries in the horizon and set the 
sphere in motion, the tutor should show the above facts to the 


* The times taken by tbe several signs of the ecliptic in rising at tlic equator 
and in northern latitudes will be seen from the following memo, according to 
the Siddhasta. 













can be known by making the sum of the buogya time of the sign in which 
Sun is and the BSCKTA time of the horoscope aud by adding to this smii 
rising periods of intermediate signs.— B. D.] 





























170 Trmidul ion of the [YJI. 88. 

88. The .altitude-of tlic polar star and its zenith distance 
as found by observation, give respectively the latitude and 
tlio i.ambansA or complement of the latitude. Or the zenith 
distance and altitude of the Sun at mid-day when on the equi¬ 
noctial give the latitude and its complement. 

3d. The vxkata the time found in that arc of the diurnal 
circle which is intercepted between the eastern or western 
horizon and the planet above it, is savaxa. This is used in 
finding the shadow of the planet. The sine of the uxstata 
which is oblique, like tire aksha-kabna, by reason of the lati¬ 
tude, is called chhbdaka and not s'akku because it is upright,* 

35. In order to find the shadow of tire Moon, the udita 
(the time elapsed from the rising of a planet) which has been 
found by some astronomers by means of repeated calculation 
is erroneous, for the udita, (found by repeated calculation) is 
not sa'vana. The labour of the astronomer that does not 
thoroughly understand mathematics as well the doctrine of the 


stntccl in Ilia work flint Sagittarius and capricornus are always -risible in a place 
bearing a latitude 6G° 30', and scorpio and aquarius at 75° N., whereas this is 
not. the case, those signs tire always visible ill the places bearing the latitudes 
G9° 30' and 7S 0 15' respectively as shown in the verses 2S and 29.—B. D.j 

* [When the Sun is above the Horizon, the shadow caused hr a gnomon 12 
digits, high, is called the Sun’s shadow according to the s'idditanta languages 
and having at first determined the sine of the Sun’s altitude and that of it 
complement through his udita time, astronomers ascertained this by the follow¬ 
ing proportion. 

As the sine of the Sun’s altitude 
: the sine of its complement 
: : gnomon of 12 digits 
: the shadow caused by the gnomon. 

Thus they determine the shadow of*all planets, Moon, Ac., and that of the fixed 
stars. Though the light of the five small plnnets, Mars, Ac., and the fixed stars 
is not so brilliant, like that- of the Sun and Moon, as to make their shadow 
visible, yet it is necessary to determine the shadow of any heavenly body in order 
to know the direction in which the body may be. Because, if the length and 
direction of the shadow of 1 lie body be known, the direction in wliieli it is can 

the gnomon. For, if you will fix a pipe in the direction of tlio thread thus 
spread, you will sec through that pipe the body whose shadow is used .here. 

The time given for determination of any planet’s shadow must, be the savaka 
time, because it is necessary to determine the degrees of altitude of a planet 
to knoiv its shadow, and the degrees can he determined through the time 
contained in that are of the diurnal circle intercepted between the" planet and 
horizon. .But the time contained in this are cannot be other than tlio savana 
time.—B. D.] 
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36. The degrees of altitude are found in the DJiraMAftnALA 

or vertical circle, being tlie degrees of 
and ERia'jzA I0U ° f S ‘' NKU elevation in it above tlie horizon ; the 
degrees of zenith distance are (as their 
name imports) the degrees in the same circle by which the 
object is distant from the zenith or mid-lieaven of the observer : 
the sanku is the sine of the degrees of altitude : and the 
DRIGJYA is the sine of the zenith distance. 

37. When the Sun in his ascent arrives at the prime verti¬ 

cal., the s'atsiuj found at the moment is 


e moments of his passing the ico: 
are respectively termed the ko. 


38. One-half of the vertical circle in which a planet is 

Reaso f tl f observed should be visible, but only 

of parallax to the sine of alti- one-half less the portion opposite the 
tucle ' radius of the Earth is visible to observ¬ 

ers on the surface of the Earth. Therefore ^ p>art of the daily 
motion of the planet observed is to be subtracted from the sine 
of altitude or from the s'anku to find the shadow : [inasmuch 
as that amount is concealed by, or opposite to, the Earth]. 

39. The agra (the sine of amplitude) is the sine of tlie arc 











The sine of amplitude == bhuja 

The TADDiiiiiTi in the diurnal circle — liypothenuse 


The sine of declination will then -be = 

And AGiiADi khanda or 1st portion of the"! _ 
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o of the parallax 


2. At the change of the Moon it often so happens that an 
observer placed , at the centre of the 
Earth, would find the Sun when far 
from the zenith, obscured by the 
intervening body of the Moon, whilst another observer on 
the surface of the Earth will not at the same time find him 
to be so obscured, as the Moon will appear to him [on the 
higher elevation] to be depressed from the line of vision 
extending from his eye to the Sun. IJence arises the necessity 
for the correction of parallax in celestial longitude and parallax 
in latitude in solar eclipses in consequence of the difference of 
the distances of the Sun and Moon. 

o. When the Sun and Moon are in opposition, the Earth’s 
The reason of the corree- shadow envelopes the Moon in dark- 
tion of parallax not being ness. As the Moon is actually enve- 
nect«a>y m unar ec ipses. j 0 p e q d ar k nesg) its eclipse is equally 
seen by every one on the Earth’s surface [above whose horizon 
it may be at the time] : and as the Earth’s shadow and ■ the 
Moon which enters it, are at the same distance from the Earth, 
there is therefore no call for the correction of the parallax in a 
lunar eclipse. 

4. As the Moon moving eastward enters the dark sha- 
dow of the Earth : therefore its eastern 

The cause of the direc- 

tions of the beginning and side is first of all involved in obscurity, 
end of the lunar eclipse. an( j its western is the last portion of 
its disc which emerges from darkness as it advances in its 


course. 

5. As the Sun is a body of vast size, and the Earth insigni¬ 
ficantly small in comparison: the shadow made by the Sun 
from the Earth is therefore of a conical form terminating in a 
sharp point. It extends to a distance considerably beyond., 
that of the Moon’s orbit. 

6. The length of the Earth’s shadow, and its breadth at the 
part travQ’sed by the Moon, may be easily found by proper- 
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VIII. 20.] 


the parallax arises. [For this purpose] let him draw one line 
passing the centre of the earth to the Sun’s disc : and another 
which is called the driksutea or lino of vision, let him draw 
from the observer on the Earth’s surface to the Sun’s disc. The 
minutes contained in the arc, intercepted between these two 
lines give the Moon’s parallax from the Sun. 

10. (At the new. Moon) the Sun and Moon will always 
appear by a line drawn from the centre of the earth to be 
in exactly the same place and to have the same longitude : 
but when the Moon is observed from the surface of the Earth 
in the deiksutka or line of vision, it appears to be depressed, 
and hence the name lameana, or depression, for parallax. 

17. (When the new Moon happens in the zenith) then the 
line drawn from the Earth’s centre will coincide with that 
drawn from its surface, hence a planet has no parallax -when 
in the zenith. 

Mow on a wall running due north and south draw a diagram 
as above prescribed; [i. e. draw the Earth, and also the orbits 
of the Sun and Moon at proportionate distances from the Earth, 
and also the diameter transverse and perpendicular, c%c.] 

1S. The orbits now drawn, must be considered as drikshe- 
pa-vrittay or the azimuth circles for the nonagesimal. The 
sine of the zenith distance of the nonagesimal or of the latitude 
of the zenith is the drieshepa of both the Sun and Moon. 

19. Mark the nonagesimal points on the driksiiepa-vrittas 
at the distance from the zenith equal to the latitude of the 
points. From these two points (supposing them as the Sun 
and Moon) find as before the minutes of parallax in altitude. 
Those minutes are here Kati-kaeas, i. e. the minutes of tho 
parallax m latitude of the Moon from the Sun. 

20. Tim diherenco north and south KE ecu 
i. c. tho measure of their mutual mclmauon, i: 


the two orbits 
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22. 1 or i]us renson, the diflerencn ns two-fold, being partly 

< 1 I nip ith <ioiHi mil south. Ami the ecliptic 

1 < m<l . l, mil 1 ]! cucle secondary to it is north 

••O’.'l somh. (it follows from tins, that the east and west 
'c.iei'oiK'o lies m the ecliptic, and the north and south differ¬ 
ence m vile secondary to it.) 

-o. IJie dnicrenee east and west has been denominated 
or parallax m longitude, whilst- that running north 
and south is parallax m latitude. 

- I-, 'iho parallax m nmiute.s as observed in a vertical circle, 

I on ns the liypotliemise of a right angle triangle, of which the 
"ii i v <<i tit minute ^ of the p u ill i, m latitude form one of 
(■lie sides adjoining the right angle then tlie third side found by 
velium-the square-root of the diherence of the squares of the 
vviu preceding sides will be sppiOTA-LAJniANA-LlPTA' or the 
nmait.es of the parallax m longitude.* 

wo. The amounts m minutes of parallax in a vertical circle 
mar bo round by multiplying the sme of the Sun’s zenith 
distance of the minutes of the extreme or horizontal parallax 
and dividing the product by the radius. Thus the nati will 
be found from the diiiksiiepa or the sine of the nonagesimal 
nln di-tmce f 

20. fl lie extreme or horizontal parallax of the Moon' from 
the Sun amounts to T V part of the difference of the Sun’s and 
Moon's daily motion. For jh part of the to j anas, the distance 
of winch any planet traverses per diem (according to the sjd- 
un.ixTAs) is equal to the Barth’s radius. 

27. The minutes of the parallax in longitude of the Moon 
from the Sun divided by the difference in degrees of the daily 

t-lic distance tal;en in the secondary to that circle from the same point, is called 
the north and south distance of that, point.—B. I).] 

* [See Fig. 3, in vdiieh by assuming the triangle r st as a plane right-angled 
triangle, r t = base, s i = hypolhenusc and $ r = perpendicular, and therefore 
s r = B.] 

t [This is clear from the equations (1) and (2) •dtoivn in the nroccding large 
note.”13. Id.] 
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measure of the angle at the place of the planet in the ecliptic 
formed by the circle of position and the circle of latitude. It 
is very difficult to find it at once. For this reason, it is 
divided into two parts called the Aksha-valana (latitudinal 
variation) and the ayana-valana (solstitial variation). The 
aksha-valana is the arc which is the measure of the angle 
formed by the circle of position, and the circle of declination at 
the place of the planet in the ecliptic, and the ayana-valana 
is the arc which is the measure of the angle formed by the 
circle of declination and the circle of latitude. This angle is 
equivalent to the angle of position. From the sum or differ¬ 
ence of these two arcs, the arc which is the measure of the 
angle formed by the circle of position and the circle of latitude 
is ascertained, and hence it is sometimes called the s'pashta- 
valana or rectified variation. 

Now, according to the phraseology of the Siddhantas, the 
point at a distance of 90° forward from any place in any 
circle is the east point of that place, and the point at an equal 
distance backwards from it is the west point. And, the right 
hand point, 90° distant from that place, in'the secondary to 
the former circle, is the south point, and the left hand point, 
is the north point. According to this language, the deviation 
of the east point of the place of the planet in the ecliptic, from 
the cast point in the secondary to the circle of position, at the 
planet’s place, is the yalana. But the secondary to the circle 
of position will intersect the prime vertical at a distance of 
9(1° forward from the place of tho planet, and lienee the 
deviation ol the east point m the ecliptic lrom the cast point 
m the prime vertical is the valaka or variation, and this results 
equally m all directions. AV lien the east point m the ecliptic 
is to the north, of the east point in the prime vertical, (lie. 

Tim use of the yalana is tins tl.at. in drawing (he prnjoc- 
<, lip cd w di am, .nl l),c n a 1. md mull, md tin c isi and 




















Translation of tho 


[VIII. 37. 


37. Then the sine of tlie nata degrees multiplied by the 
sine of latitude, and divided by the co-sine of the declination 
of the planet will be tho a'ksda-valana. If the xata bo to 
the cast, tho ak'siia-valana is called north. If west, then it 
is called south (in the north terrestrial latitude). 

The sura and difference of the a'yaica and aks.ha-valanas 
must be taken for the spashta-valana, 
viz. their sum when the ayana and 
aicsiia-valanas are both of the same denomination, and their 
difference when of different denominations i. e. one north and 
the other south. 

38. When the planet is at either the points of the inter¬ 
section of the ecliptic and prime vertical, the spashta-valana 
found by adding or subtracting the a'yana and a'ksha-valakas 
(as they happen to be of the same or different denominations) 
is for that time at its maximum. 

39. But at a point of the ecliptic distant from the point of 
intersection three signs either forward or backward, there is 
no spashta-valana : for, at those points the north and the south 
lines of the two circles are coincident. 

40. However, were you to attempt to shew by the use of 
the versed sine, that there was then no spashta-valana at 
those points, you could not succeed. The calculation must be 
worked by the right sine. I repeat this to impress the rule 
more strongly on your mind. 

41. As all the circles of declination meet at the poles; it 

Another way of refutation is therefore evident that the north 

of using the versed sine. and south line perpendicular to the 
cast and west line iu the plane of the equinoctial, will fall in 
the poles. 

42. But all the circles of celestial latitude meet in the 
pole of the ecliptic-called the kadamba, 24° distant from the 
equinoctial polo. And it is this ecliptic pole which causes and 
makes .manifest the valana. 

43. In (lie ecliptic poles always lies the north and south 







50. J11 this case the plane of the ecliptic is always east and 
wist—11 li sfi J ] ititude forming its north and south line. Those 
therefore who (like s'jutati or Lalla) would add the s'ara 
celestial latitude to find the valana, labour under a grievous 
delusion. 

51. The 1st of Capricorn and the ecliptic pole reach the 
meridian at the same time (in any latitude) : so also with 
regard to the 1st Cancer. Ilcnce at the solstitial points there 

is no AYANA-VALANA. 

52. A.s the 1st Capricorn revolves iii the sphere, so the 
ecliptic pole revolves in its own small circle (called the ka- 
dajiba-biihama-vkitta round the pole). 

53 and 54. When the 1st of Aquarius or the 1st of Pisces 
comes to the meridian, the distance in the form of a sine in 
the kadamba-beirama-vritta, between the ecliptic pole and 
the meridian is the ayaxa-valana. This valaxa corresponds 
with the keAntijya or the sine of declination found from the 
degrees corresponding to the time elapsed from the 1st Capri- 
eornus leaving the meridian. 

55. As the versed sine is like the sagitta. and the sine is 
the half chord (therefore the versed sine of the distance of 
the ecliptic pole from tlxe meridian wall not express the proper 
quantity of valaxa as has been asserted by Lalla &c. : but 
the right sine of that distance does so precisely). The ayaka- 
valana will be found from the declination of the longitude of 
the Sun added with three signs or 90°. 

56. Those people who have directed that the versed sine 
of the declination of that point three signs in advance of the 
Sun should be used, have thereby vitiated the whole calcula¬ 
tion. aksha-valaxa may be in like manner ascertained and 
illustrated : but it is found by the right sine, (and not by the 
versed sine). 

57. He who prescribes rules at variance with former texts 
and docs not shew the error of tlieir authors is much to be 
blamed. Hence I am acquitted of blame having thus clearly 
exposed the errors of my predecessors. 
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(38. Or tlic aksiia-valana may be tlius roughly found. 

Multiply the time from the planet’s being on the meridian 
and divide the product by the half length of day, the result 
are the kata degrees. The sine of these kata degrees 
multiplied by the sine of the latitude and divided b} r the 
DYN.TYA or the cosine of the declination, will give the rough 

AKSITA-VAIANA. 

09. Place the disc of the Sun at the point at which the 

diurnal circle intersects the ecliptic. 

Further illustration. . . 1 

The arc of the disc intercepted be¬ 
tween these two circles represents the ayawa-valana in terms 
of radius of the disc. 

70. This valana is equal to the difference between the 
rsine of declination of the centre of the Sun and of the point 
of intersection of the disc and ecliptic ; and it is thus found ; 
multiply the radius of disc by the etiogya-ioianda of the 
bhuja of the Sun’s longitude and divide by 225. 

71. Then multiply this result by sine of 24° and divide by 
the radius : the quotient is the difference of the two sine of 
declination. This again multiplied by the radius and divided 
by the radius of Sun’s disc will give the value in terms of the 
radius (of a great circle). 

72. Mow in these proportions the radius of the Sun’s disc 
and also radius are in one case multipliers (being in third 
places), and in the other divisors (being the first terms of the 
proportion) therefore cancel both. There will then remain 
rule, multiply the Sun’s bhogya khanjia by sine of 24° and 
divide by 225. 

73. And this quantity is equal to the declination of a point 
of ecliptic 90° in advance of Sun’s place. Thus you observe 
that the vai.aua is found by the sine of declination as above 
alleged, (and not bv the versed smej. Abandon therefore, 
0 foolish men. your erroneous rules on tins subject 

74. The disc appears declined from the /.enith like an 
umbrella; but the decimation is direct to the equinoctial polo : 





IDG Translation of the [IX. 1. 

the proportion of tho dynjya or complement of declination is 
therefore required to reduce the valaua found to its proper 
value in terms of the radius. 

End of Chapter VIII. In explanation of the cause of 
eclipses of the Sun and Moon. 


CHAPTER IX. 



by the operation of its latitude. A correction called dkik- 
kakajia to find the exact time of rising and setting of a planet, 
is therefore necessary. 

2. When the planet's corresponding - point in the ecliptic 
reaches the horizon, the latitude then does not coincide with 
the horizon, but with the circle of latitude. The elevation of 
the latitude above and depression of it below the horizon, is of 
two sorts, [one of which is caused by the obliquity of the 
ecliptic and the other by the latitude of the place.] Hence 
the DRiKKAEAMA is two-fold, i. e. the ayana and the akshaja or 
iKSHA. The detail and mode of performing these two sorts 
of the correction arc now clearly unfolded. 

3. When the two valanas are north and the planet’s 

corresponding point in the ecliptic is 
DKIKKAItMA. . I • 

in the eastern horizon, the planet is 
thereby depressed below the horizon by south latitude, and 
elevated when the planet’s latitude is north. 1 
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vided by the radius becomes [nearly] the spashta or rectified 
latitude, [i. e. the arc of the circle of declination intercepted 
between the planet’s corresponding point in the ecliptic and 
the diurnal circle passing through the planet]. This rectified 
latitude is used when it is to be applied to the mean declination 
and also in the aksha drikkarma.* 

11. The celestial latitude is not reduced bv Brahmagupta 
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13. Those astronomers, who have mentioned that celestial 

_ , , . latitude is an arc of a circle of de- 

Blli SKABA CHAKYA ex¬ 
poses the incorrect theory clination, are stupid. Were the ce- 

bv'quoting* their'own'^rac- lestial latitude nothing more than an 
wiTl ' 8 i [ 1 reconcilabie arc of a circle of declination, then why 
7 should they or others have ever had 

recourse to the ayana diiikkArma at all ? (The planets or 
stars would appear on the six o’clock line at the time that the 
corresponding degree of the ecliptic appeared there.) 

14. How moreover have these same astronomers in deline¬ 
ating an eclipse marked off the Moon’s latitude in the middle 
of the eclipse on spashta-valana-sutra or on the line denoting 
the secondary circle to the ecliptic ? and how also have they, 
drawn perpendicularly on the valana-sutra or the line repre¬ 
senting the ecliptic, the latitudes of the Moon at the com¬ 
mencement and termination of the eclipse. 

15. How moreover, have they made the latitude koti, i. e. 
perpendicular to the ecliptic and thus found the half duration 
of the eclipse ? If the latitude were of this nature, it would 
never be ascertained by the proportion (which is used in 
finding it). 

16. A certain astronomer has (first) erroneously stated the 

Censure of the astrono- DRIKKARMA and VALANA by the versed 

tlie'vevsed sine'in'the^DRii^ sine. This course lias been followed 
karma and valana. by others who followed him like blind 

men following each other in succession: [without seeing 
their way]. 

17. Brahmagupta’s rule, however, is wholly unexceptionable, 
but it has been misinterpreted by his 
followers. My observations cannot be 

said to be presumptuous, but if they are alleged to be so, 
I have only to request able mathematicians to weigh them 
with candour. 

18. The djjikkarma and valana found by the former astro- 


Praise of Brahzjjagtjpta. 
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Translation of 1h 


[X. 1. 


are both distinguished by tlieir disregard of the criticisms and 
reflections of the world, by tlieir breach of the rules of time 
arid metres, and their destruction of their substance) and of 
their subject, being- beguiled by the vain delight they feel 
towards the object of their taste. 

End of Chapter IX. called Diiikkaibta-va'sana'. 


CHAPTER X. 

Called S'eingoxnati-vasaxa in explanation of the emtse of the 
Phases of the Moon. 

1. This ball of nectar the Moon being in contact with rays 
of the Sun, is always illuminated by her shining-s on that side 
turned towards the Sun. The side opposite to the Sun dark 
as the raven black locks of a young damsel, is obscured by 
being in its own shadow, just as that half of a water-pot which 
is turned from the Sun, is obscured by its-own shadow. 

2. At the conjunction, the Moon is between ns and the 
Sun : and its lower half which is then visible to the inhabit¬ 
ants of the earth, being turned from the Sun is obscured in 
darkness. 

That half again of the Moon when it has moved to the 
distance of six signs from the Sun, appears to us at the period 
of full Moon brilliant with light. 

3. Draw a line from the earth to the Sun’s orbit at a 
distance of 90° from the Moon, and find also a point in the 
Sun’s orbit (in the direction. where the Moon is) at a dis¬ 
tance equal to that of the Moon from the earth. When the 
Sun reaches the point just found, he comes in the line per¬ 
pendicular at the Moon to that drawn from the earth to the 
Moon. Then the Sun illumines half of the visible side of the 
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between the Sun and Moon tlien tlie koti would be equal to 
the hypothenuse or radius and the bhuja would be “nil.” 

II.* And the Moon's horns are of equal altitude when there 
is no bhuja, whilst they become perpendicular when there is 
no koti. That the koti and bhuja shall at one and the same 
time be equal to radius is an obvious incompatibility. But 
what business have I with dwelling on the exposure of these 
errors? Brahmagupta has here shown wisdom indeed, and 
I offer him my reverent submission !] 

6. I have thus only briefly treated of the principles of the 
subjects mentioned in the Chapters oiiMadhyagati &c. fearing 
to lengthen my work; but the talented astronomer should 
understand the principles of all the subjects in completion, 
because this is the result to be obtained by a complete know- 
lodge of the spheric. 

End of Chapter X. called S'ringonhati-va'saua. 


CHAPTER XI. 


Galled Yantp.a'mtyaya. 


’ of astronomical inslmmenls. 


1. As minute portions of time elapsed from sun-rise cannot 

be ascertained without instruments, I 
Object of llic Chapte . g p a ]q therefore briefly detail a few 
instruments which are of established use for this purpose. 

2. The Armillary sphere, nadi-valaya (the equinoctial), 
the yashti or staff, the gnomon, the gi-iati or clepsydra, the 
circle; the semi-circle, the quadrant, and the phalaka : but of 
all instruments, it is “iNOBKOm” winch is the best. 
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o and 4. (This instrument is to be made as before de¬ 
scribed, placing tlie Bhagoea stairy 
' U3C ° f Arm “ lary Sl,hCre - sphere, which consists of the ecliptic, 
diurnal circles, the Moon’s path, and the circles of declination 
&c. within the khagoia celestial sphere, which consists of the 
horizon, meridian, prime vertical, six o’clock line, and other 
circles which remain fixed in a given latitude). Bring the 
place of the Sun on the ecliptic to the eastern horizon : and 
mark the point of the equinoctial (in the bhagoea) intersected 
by the horizon, viz. east point. Having made the horizon as 
level as water, turn the bhagola westward till the Sun throws 
its shadow on the centre of the Earth. The distance between 
the mark made on the equinoctial and the now eastern point 
of the horizon will represent the time from sun-rise. 

5 and 6. .The lagna or horoscope will then be found in 
that point of the ecliptic which is cut by the horizon. 


instead of making each si 
made each with such varia 
their periods of rising in tl 
periods are to be thus mar 
again each subdivided into 
KA'NAS, into KAVANS'aS 01 
of 2° . . 10' and into tk 
called the 'shadvabga or s 
must be inscribed in the 


the ecliptic on both sides, 1 
gn of equal extent, they must 
ble arcs as shall correspond-- w 
le place of observation (the twe 
ked on either side, which are to 
two hora's (or hours), three dees 
ninths of 3° . . 20' each, twelf 
ins'ans'as or thirtieths. These 
ix classes). These signs, howev 
inverse order of the signs, that 


centre of the Earth (the polar ax 
height of the pole). 

Now find the Sun’s longitude : 
sun-rise of the given day (by ca 
degree in the circle. Mark the 


t or right of Aries and so on. 
• axis of tlie khagola at the 
5 should be elevated to the 

l signs, degrees, &c. for the 
julation) and find the same 
e the Sun’s place, turn the 
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circle ronnc! the axis, so that the shadow of the axis will fall on 
the mark of the Sim’s place at sun-rise and then fix the circle. 
Now as the Sun rises, the shadow of the axis will advance from 
the mark made for the point of sun-rise to the nadir and will 
indicate the hour from sun-rise, and also the lagna (horos¬ 
cope) : the number of hours will be seen between the point 
of sun-rise and the shadow : and the lagna will be found on tho 
shadow itself. [While the Sun goes from east to west the 



shadow travels from west to east and hence the signs with 
tlieir periods of rising must be reversed in order—the arc 
from W to Lagna represents the hour arc : and the Lagna is 
at the word Lagna in the accompanying figure.—L. W.] 

7. Or, if this circle marked as above, be placed on any axis 
elevated to the altitude of the pole, then the distance from the 
shadow of the axis to the lowest part of the circle will, repre¬ 
sent the time to or from midday. 

8. A ciiati made of copper like the lower half of a. water- 

pot, should have a large hole bored in 
ha.i or cepsjtia. its bottom. See how often it is filled 
and falls to the bottom of the pail of water on which it is 
placed. Divide GO oitatis of day and night by the quotient 






10. The circle should be marked with 300° on its outei 


T1 cnAr a ' 1 circumference, and should be sus¬ 
pended bj r a string or chain moveable 
on the circumference. The horizon or Earth is supposed to 
be at the distance of three signs or 90° from the point at which 
it is suspended: the point opposite to that point being the 
zenith. “ 

11. Through its centre put a thin axis: and placing the 
circle in a vertical plane, so as to catch the shadow of the Sun : 
the degrees passed over by the axis from the place deno¬ 
minated the Earth, will be altitude : 

12. And the arc to the point denominated the zenith, will 
be that of the zenith distance. 

Some former astronomers have given the following rule for 
making a rough calculation of the time, viz. multiply the half 
length of day by the obtained altitude and divide the product 
by the meridian altitude, the quotient will be the time sought. 

13. First let the circle be so held or fixed that any two 
To find the longitudes of of the following fixed stars appear to 

planets by the circle. touch the circumference, viz. Ma- 

giia (a Leonis, Regulus), Pushya (S Cancri), B/evatI (£ Piscium) 
and S’atatakaka (or A Aquarii). [These stars are on the 
ecliptic and having no latitude, are to he preferred.] Or, that 
any star (out of the ChitrA' or a Tirginis Spica &c.) having- 
very inconsiderable latitude, and the planet whose longitude is 
required and which is at a considerable distance from the star, 
appear to touch the circumference. 
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14 and 15. Then look from the bottom of the circle along 
its plane, so that the planet appear opposite tho axis ; and still 
holding it on the plane of the ecliptic, observe also any of the 
above mentioned stars. The observed distance between the 
planet and the star, if added to the starts longitude, when the 
star is west, and subtracted when east of the planet, will give 
the planet’s longitude. 


le and quadra: 


PlIALAEA-TANTRA. 


The half of a circle is called a chata 
)r semicircle. The half of a semi¬ 
circle is called turiya or a quadrant, 

TC. As others have not ascertained happily the apparent 
time by observations of altitudes in 
a vertical circle, I have therefore 
laboured myself in devising an instrument called piialaka 
yantra, the uses of which I now proceed to explain perspi¬ 
cuously. It contains in itself the essence of all our calculations 
which are founded on the true principles of the Doctrine of 
the Sphere. 

17. I Bhaskara now proceed to describe this excellent 
^ t tl S instrument, which is calculated to 

remove always the darkness of igno¬ 
rance, which is moreover the delight of clever astronomers 
and is founded on the shadow of its axis : it is also eminently 
serviceable in ascertaining the time, and in illustrating truths 
of astronomy, and therefore valued by the professors of that 
science. It is distinguished by having a circle in its centre. 
I proceed to describe this instrument after invoking that 
bright God of day, the Sun, which is distinguished by the 
epithets I have above given to tho instrument via. he is 


and r 


nd n 


s obscurity i 
r shining : 1 


old : he make 
sily ] loin is out the i 









21 4 Translation of the [XT. .18. 

18. Let; a clover astronomer make a pjtalaka or hoard of a 
plane rectangular and quadrilateral form, the height being 00 
digits, and the breadth 180 digits. Let him halve its breadth 
and at the point thus found, attach a moveable chain by which 
to hold it: from that point of suspension let him draw a per¬ 
pendicular which is called the lamba-rbkha. 

19. Let him divide this perpendicular into 90 equal parts 
which will be also digits, and through them draw lines parallel 
to the toq> and bottom to the edges : these are called sines. 

20. At that point of the perpendicular intersected by the 
30th sine at the 30th digit, a small hole is to be bored; and 
in it is to be placed a pin of any length which is to be con¬ 
sidered as the axis. 

21. From this hole as centre draw a circle (with a radius 
of 30 digits : the circle will then cut the 60th sine), 60 digits 
forming the diameter. Now mark the circumference of this 
circle with 60 ghatis and 360 degrees, each degree being 
subdivided into 10 palas. 

22. Let a thin pattika or index arm with a hole at one 
end be made of the length of 60 digits and let it be so marked. 
[The breadth of the end where the hole is bored should be of 
one digit whilst the breadth of the whole pattika be of half 
digit. Let the pattika be • so suspended by the pin above 
mentioned, that one side may coincide with 
the • lamba-rekha. The accompanying figure 
will represent the form of the pattika. 

The rough ascensional difference in palas determined by the 
khandakas or parts, being divided by 19, will here become the 
sine of the ascensional difference (adapted to this instru¬ 
ment.*) 



best authors occasionally indulge. All the epithets given to the instrument 
apply in the original also to the Sun. This kind of double meaning of course 
does not admit of translation.—L. W. 

* The sines of ascensional difference for each sign of the ecliptic were found 
by the following proportions. 
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23. The numbers 4, 11, 17, 18, 13, 5 multiplied severally 
by the aksila-earna and divided by 12, will be the khanpaicas 
or portions at the given place ; each of these being for each 
15 degrees (of bhuja of the Sun’s longitude) respectively. 

24. Now find the Sun’s true longitude by applying the 
precession of the equinoxes to the Sun’s place, and adding- 
togetlier as many portions as correspond to the bhuja of the 
Sun’s longitude above found, divide by 60 and add the quo¬ 
tient to aksha-karna. Now multiply the result by 10 and 
divide by 4 (or multiply by 24). The quotient is here called 
the yashti in digits and the number of digits thus found is to 
be marked off on the arm of the pattika counting from its 
hole penetrated by the axis. 

25. Now hold the instrument so that the rays of the Sun 
shall illuminate both of its sides (to secure its being in a 
vertical circle) : the place in the circumference marked out by 
the shadow of the axis is assumed to be the Sun’s place. 

26. Now place the index arm on the axis and putting it 
over the Sun’s place, from the point at the end of the yasiiti 
set off carefully above or below (parallel to the lamba-rekha) 
on the instrument, the sine of the ascensional difference above 
found, setting it off above if the Sun be in the northern 


1. If cosine of latitude : sine of lat. 

2. If cosine of declination : this re: 


: what will sine of declination of 1 
sign or 2 or 3 signs, give. 

: kujya' of 1, 2 or 3 signs. 

: : what will radius : sine of nscen- 



ional difference. This is the plain rule : but 
to another short rule by which the ascensional 
r the place in which the paxabiia' was 1 digit, 
:e multiplied by palabua' would give the 
tble accuracy for a place of any latitude not 
digits. Now take these three palatmakas 
icnhlie TAX.AS of time will be reduced to ASUS. 
M3S : to reduce them to the value of a radius of 


As 34-38 : 10 


00 

= GO' : : 30 digits : - 


itity of CIJAItA for 1 


sign in this instrumenl 
dividing by 3!-3S ; til 
by I'J.-L.'W, 


10 by 0 X 30 or ISO am 
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in tlie 3rd quarter., G signs must be added : if in tlie fourth 
quarter of the year, then the degrees found must be subtracted 
from 12 signs for the longitude. 

The quarters of the year will be known from the seasons, 
the peculiarities of each of which I shall subsequently de¬ 
scribe. 

It is declared (by some former astronomers) that the shadow 
of the gnomon revolves on the circle passing through the 
ends of the three shadows made by the same guomon (placed 
in the centre of the horizon), but this is wrong, and conse¬ 
quently the east and west and north and south lines, the 
latitudes &c. found by the aid of the circle just mentioned are 

SO. Whether the place of the Sun be found from the 
shadow or from the sine of the amplitude, it will be found 
corrected for precession. If the amount of precession be 
subtracted, the Sun’s true place will be found. If the true 
nlace of the Sun be subtracted, the amount of precession will 
be ascertained. 

40. But what does a man of genius want with instruments 

H '-e of in-trument a ^ on * i which numerous works have 

called i>mi'ANTr„i or genius treated ? Let him only take a staff in 
nanumen . his hand, and look at any object along 

it, casting his eye from its end to the top, there is nothing 
of which he will not then tell its altitude, dimensions, &c. 
if it be visible, whether in the heavens, on the ground or 
in the water on the earth. 

wow j. proceed to explain it. 

41. He who can know merely with the staff m his hand, 

tin HI ilb tn.ee of b imbue, of e Inch he h is observed 
the root ami top, knows the use of that nistrrnnent of instru- 
,, )_ i iu —HI. ( niv \ n ii ) ml 11 im v li ( i (bore that 
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A man standing up sees the' shadow of a, bamboo in the 
water—the point of the water at which 
■** mp o. the shadow appears is -90- digits, off: 

then sitting down on the same-spot he again, observes the 
shadow and finds the distance in the water at which it appears 
to bo 33 digits : tell me the height of the bamboo and his 
distance from the bamboo. 








Translation of tin 


[XJ. 50. 


oil'into the reservoir before allndod to by means of a water¬ 
course or pipe. 

5G. The self-revolving machine (mentioned by Lalla &c.) 
which lias a tube with its lower end open is a vulgar machine 
on account of its being dependant, because that which mani¬ 
fests an ingenious and not a rustic contrivance is said to be a 
machine. 

57. And moreover many self-revolving machines are to be 
met with, but their motion is procured by a trick. They are 
not connected with the subject under discussion. I have been 
induced to mention the construction of these, merely because 
they have been mentioned by former astronomers. 

End of Chapter XI. called Yaktbadhtaya. 


CHAPTER XII. 

Description of the seasons. 

1. (This is the season in which) the koktlas (Indian black 

birds) amidst young climbing plants, 
thickly covered with gently swaying 
and brilliantly verdant sprouts of the mango (branches) rais¬ 
ing their sweet but shrill voices say, “ Oh travellers ! how 
are you heart-whole (without your sweethearts, whilst all 
nature appears revelling) in the jnbilee^>f spring ctiattea, and 
the black bees wander intoxicated by tne delicious fragrance 
of the blooming flowers of the sweet jasmine !” 

2. The spring-bom mai/lika (Jasminum Zainbac, swollen 
by the pride she feels in her own full blown beautiful flowers) 
derides (with disdain her poor) unadorned (sister) malati 
(Jasminum grandiflomm) which appears all black soiled and 
without leaf or flower (at this season), and appears to beckon 
her forlorn -sister to leave the grove and garden with her 
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tender budding anus, agitated by the sweet breezes from the 
fragrant groves of the hill of Malaya. 

o. In the summer (which follows), the lovers of pleasure 

Tin? Gi-TsmiA or mid-sum- and their sweethearts quitting their 
d.ut se.isou. stone built houses, betake themselves 

to the solitude of well wetted cottages of the kus'akas'a grass, 
salute each other with showers of rose-water and amuse them¬ 
selves. 

4. Now fatigued by their dalliance with the fair, they 
proceed to the grove, where Ka'ma-deva has erected the 
(Howering) mango as his standard, to rest (themselves) from 
the glare of the fierce heat, and to disport themselves in the 
(well shaded) waters of its bowejs (or large wells with steps). 

5. (The rainy season lias arrived, when the deserted fail- 

one thus calls upon her absent lover :) 

Why, my cruel dear one, why do you 
not shed the light of your beaming eye upon your love-sick 
admirer ? The fragrance of the blooming malati' and the 
turbid state of every passing torrent proclaims the season of 
the rains and of all-powerful love to have arrived. Why, 
therefore, do you not have compassion on my miserable lot ?* 

6. (Alas, cries the deserted wife, alas !) the peacocks 
(delighted by the thundering’ clouds) scream aloud, and the 
breeze laden with the honied fragrance of the kadamba comes 
softly, still my sweet one comes not. Has he lost all delight 
for the sweet scented grove, has he lost his ears, has he no 
pity—has he no heart ? 

7. Such are the plaintive accusations of the wife in the 
season of the rains, when the jet black clouds overspread the 
sky :—angered by the prolonged absence of him who reigns 
over her heart, she charges him, but still smilingly and 
sweetly, with being cruelly heedless of her devoted love. , 
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the shores of lorec and overflowing lakes well filled with^lotus 
!’< '’.ere, is not thereby excited? 

Id. As. liolv pilgrims delight themselves, in the midst of 
ih' " i nil- of the sacred Ganges, in applying the mud and the 
sparkling sands of its hanks, and thus experience more than 
heaven's pays : so true poets lost in the flow of a fine poetic 
ircii/w, sport themselves in well rounded periods abounding in 
displays of a playful taste. 

End of Chapter XII, 


CHAPTER XIII. 

Containing useful questions called peas'nadhyXya. 

1. Inasmuch as a mathematician generally fails to acquire 
Object of the Chapter and distinction in an assemblage of learned 

its praise. men, unless well practised in answer¬ 

ing- questions, I shall therefore propose a few for. the enter¬ 
tainment of men of ingenuity, who delight in solving all 
descriptions of problems. At the bare proposition of- the 
questions, he, who fancies in his idle conceit, that he has 
attained the pinnacle of perfection, is often utterly discon¬ 
certed and appalled, and finds his smiling cheeks deserted of 
tlieir colour. 

2. These questions have been already.' put and have been 
duly answered and explained either by arithmetical or algebraic 
processes, by the pulverizer and the affected square, i. e. 
methods for the solutions of indeterminate problems of the 
first and of the second degree, or by means of the armillary 
sphere, or other astronomical instruments. To impress and 
make them still more familiar and easy I shall have to repeat a 
few. 



Translation of the 
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3. All arithmetic is nothing but the rule of proportion : 

Praise 0 f i„g 0 nious per- and Algebra is but another name for 

f50,,s - ingenuity of invention. To the Clevel¬ 

and ingenious then what is not known ! I, however, write for 
men and youths of slow comprehension. 

4. With the exception of the involution and evolution of 
the square and cube roots, all branches of calculation may be 
wholly resolved into the rule of proportion. It indeed assumes 
many shapes, but it is universally prevalent. All this arith¬ 
metical calculation denominated Pati ganita, which has been 
composed in many ways by the wisest of former mathema¬ 
ticians, is only for the enlightenment of simple men like 
myself. 

5. Algebra does not consist in tlie letters (assumed to 
represent the unknown quantities) : neither are the different 
processes any part of its essential properties. But Algebra is 
wholly and simply a talent and facility of invention, because 
the faculties of inventive genius are infinite. 

G. Why, 0 astronomer, in finding the ahaegaxa, do you 
add sauka months to the lunar months 
chaitea &c. (which may have elapsed 
from the commencement of the current year) : and tell me 
also why the (fractional) remainders of aduimasas and avamas 
are rejected : for you know that to give a true result in using 
the rule of proportion, the remainders should be taken into 
account. 


7. If you have a perfect acquaintance with the mts'ea or 
^ ^ allegation calculations, then answer 

this question. Let the place of the 
Moon be multijfiied by one, that of the Sun by 12 and that of 
Mars by 6, let the sum of these three products be subtracted 
from three times the Jupiter’s place, then I ask what are the 
revolutions of the planet whose place when added to or 
subtracted from the remainder will give the place of Saturn ? 
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S and 9. In order to work tliis proposition in tlie first 
^ place proceed with the whole numbers 

of revolutions of tlie several planets 
in the icalfa, adding, subtracting and multiplying them in the 
manner mentioned in the question : then subtract tlie result 
from the revolutions of the planet given : or subtract the 
revolutions of the given planet from the result, according as the 
place of the unknown planet happen to be directed to be added 
or subtracted in the question. This remainder will represent 
the number of revolutions of the unknown planet in the icalpa. 
If the remainder is larger than the number from which it is 
to be subtracted, then add tlie number of terrestrial days in a 
ft ALFA, or if the remainder exceed the number of terrestrial 
days in the icalpa, then reduce it into the remainder by dividing 
it by tlie number of days in the icalpa.* 


i! Bua'shaea'ciia'iita himself has given tlie following example in his com- 
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] 3 anti 14. Given the sum of the remainders of the revo¬ 
lutions, of the signs, degrees, minutes 
and seconds of the Moon, Sun, Mars, 
Jupiter, the s'ighroctichas of Mercury and Venus and of 
Saturn according to the dhivbiddhida, including the remainder 
of subtractive days in finding the ahargana, abraded (reduced 
into remainder by division) by the number of terrestrial days 
(in a yuga). He who, well-skilled in the management of 
sphuta kuttaka (exact pulverizer), shall tell me the places of 
the planets and the ahargana from the abraded sum just 
mentioned, shall be held to be like the lion which longs to 
make its seat on the heads of those elephant astronomers, who 
are filled with pride by their, own superior skill in breaking 
down and unravelling the thick mazes and wildernesses which 
occur in mathematical calculations. 

15. If the given sum abraded by the number of terrestrial 

days in a yuga, on beins- divided by 4, 
Rule, j ° , •. 

leaves a remainder, then the question 

is not to be solved. It is then called a khiia or an “ impos¬ 
sible” question. If, on dividing by 4, no remainder remain, 
then multiply the quotient by 293627203, and divide the 
product by 394479375. The number remaining will give the 
ahargana. If the day of the week does not correspond with 
that of the question, then add this ahargana to the divisor 
(394479375) until the desired day of the week be found.* 


* [According to the DHfvitrDDHIDA tantea of t.ali.a the terrestrial clays in 
a TCGA = 1577917500 and the sum of all the 36 remainders for one daT = 
118407188600968 : this abraded by the terrestrial days ill a XCGA = 259400968. 

As 1 259400968': : x : 259400968 % x 

This abraded by 1577917500 the terrestrial clays in a yuga will be equal to 
1491227500 the given abraded suxn of the 36 remainders, now 

let y = the quotient got in abrading 259400968 x by 1577917600, then 
25940096S x — 1577917500 y = 1491227500. 

It is evident from this that as the coefficients of a: and y are divisible by 4, the 
given remainder 1491227500 also must be divisible by 4, otherwise the question 
will be impossible as stated in the text. 

Hence, dividing the both sides of the above question by 4, 

‘64850242 * — 394479375 y = 372S06S75 .. (A) 

and let 64850242 x' — 394479375 / = 1,... (B) 





XIII. 17.] 


Skldhdnia-skomani. 


237 


16. Tell me, my friend, what is the ahargana wlien on a 

Example Thursday, Monday or Tuesday, the 

35 remainders of the revolutions, 
signs, degrees, minutes and seconds of the places of the 
planets, (the Sun, the Moon, Mars, Jupiter and Saturn and 
the s'ighrochchas of Mercury and Venus) together with the 
remainder of the subtractive days according to the diiiveid- 
diiida, give, when abraded by the number of terrestrial days 
in a yuga, a remainder of 1491227500.* 

17. The place of the Moon is of such an amount, 

Question 5th. that 

Tlmminute^ + i 0 = the seconds 


the minutes — seconds -J- 
the degrees 


3 = degrees 
= signs. 


.-. x' =a 293627203 by the processes of indeterminate problems. 

Kow let a = 64850242, l — 394479375, and c = 372806875 ; 

.-. we hare the equations (A) and (B) in the forms 

and Vx'-by~J\, 

x = o x' — It (see the preceding note) 

= 293627203 c — 394479375 t : 
as stated in the text.—B. D.] 

«* Solution. The given sum of the 36 remainders in a XTOA = 1491227500 
according to the phi'teiddhida tantra. 

.-. 1491227500 -j- 4 = 372806875 : 

anti ... _!l- '1 --- = 277495471 and remainder 10000 i. c. 

394479375 


• = 142S — 4 remainde: 

nmenced on Friday, 
i be the ahaegaxa on a 
e aiiaegan-a on Mond 


e. 10000 — AHARGANA 


y to add the reduced 


4479375 X 2 


Thursday.— Jj. W. 






Tmndaiion of the 


2 


And the signs, degrees, minutes and seconds together 
equal to 130. On the supposition, that the sum of these four 
quantities is of this amount on a Monday then tell me, if yon 
are expert in rules of Arithmetic and Algebra, when it will be 
of the same amount on a Friday.* 

18. Reduce the signs, degrees and minutes to seconds, 
adding the seconds, then reducing the 
terrestrial clays and the planet's re¬ 
volutions in a kalpa to their lowest terms, multiply the seconds 
of the planet (such as the Moon) by the terrestrial clays 
(reduced) and divide by the number of seconds in 12 signs : 
then omitting the remainder, take the quotient and add 1 to it, 
the sum will be the remainder of the bhaganas revolutions.t 



— = 11 signs. 

2 

Hence the Moon’s place = 11s. .. 22° .. 5S' ., 39". 
t The mean place of the Moon = Us. ..22° ..58' ..39" = 1270719" 

The number of seconds in 12 signs = 129G000. 

Terrestrial davs in a KAPPA = 157791GJ 50000 ] These divided by f 95G313 
V1G50000 become DPI-1 

Revolutions of-Moon = 57753300000 J dha or reduced. (.33003. 
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will take place—will be liumbly saluted even by the wise, who 
generally speaking, gaze about in utter amazement and confu¬ 
sion at such questions, like the bee that wanders in the bound¬ 
less expanse of heaven without place of rest. 

24. (In working questions of kuttaka pulverizer, the aug- 

Remark on the preceding ment must be reduced by the same 
question. number by which the bhajya dividend 

and haea divisor are reduced to their lowest terms, and when 
the augment is not reducible by the same number as the 
btiajya and haea, the question is always insoluble.) But here, 
in working questions of kuttaka, those acquainted with the 
subject should know that the given augment is not to be 
reduced, i. e. it belongs to the reduced bhajya and iiaea, 
otherwise in some places the desired answer will not be 
obtained, or in others the question will be impossible.* 

[The questions in the 23rd verse are the questions of the vae&a-peaeriti or 
the aifected square, i. e. quest ions of indeterminate problems of the second degree. 

1st question. Let a = the adhihasa-s'esha : 
then by question 10 X s + 1 = y 2 . 

In such questions the coefficient of x is called peakbiti, the value of x ka- 

h 'ko™ assume °j = m of + 1, 

then 10 a* + 1 = (m .vyMk, _ + j 
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Hue east from that city (ujjAYfrtf) ? What is the latitude of 
the place (B) distant also 90° from the city (A) and hearing- 
due west from it ? What also is the latitude of a place (C) 
also 90° from (B) and bearing N. E. from (B) : and of the 
place (D) which is situated at a distance of 90° from (C) and 
bears S. W. from (C) ?* 


the number 300000, the question will be an impossible one, because the augment 
G is not divisible by the same number. For this reason the dividend anc 
divisor must be taken here reduced to their lowest terms. 

1593300000 

Hence, dividend ;= reduced kalpa-adiiimasas =:-— 5311 ; anc 

300000 '' 

1555200000000 

divisor = reduced kalpa sauka days =-= 5184000 . 

300000 

5311 x — G 

.-. 13y substitution, y “-, 

51S4000 

which gives a- = S2G71G the elapsed sauea days 
or 2276 years 6 months and 6 days.—3. D.j 
* Let a = the azimuth degrees, 

d — the distance in degrees between the two cities, 
p = palabha' at the given city, 

and ,r == the latitude of the other city. 

/sin X cos a cos (iXA 12 

Then siu x = f ---± - ) X — . 

\ Bad 12 / h 

Ivow in the 1st question, a — 90°, d = 90°, p — 5 digits, the palabua' a 
pjjayixI, and * = ,yi2 2 +X 2 = 13 : 

/343SX0 0X5\ 12 

sm - — ^ gi38 — 12 j! 13 ’ 


(■a.) In the second question, a — 90°, d — 
and".-. 1c = 12 i 

/343S X 0 . 0X0^ 
sm... — ^ 313S “ 12 y 


0 digits at van a rorr. 


(3). In tlic 3rd question, a = 45°, d — 90°, p 
^313S >4 2431 0 x 0- 
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XIII. 32.] Biddlidnia-s'ironiani. 

30. Tell me the several latitudes in wliicli the Sun remains 

Plication above the horizon for one, two, three, 

four, five and six months before he 

sets again* 

31. If you, 0 intelligent, are acquainted with the resolu- 

Qucstion ^ 0ri °'* ? a ®' ec * e< ^ quadratic equations, 

then find the Sun's longitude, observ¬ 
ing that the sum of the cosine of declination, the sine of decli¬ 
nation, and the sine of the Sun’s longitude : ■ equal to 5000 is 
(the radius is assumed equal to 3438.) 

32. Multiply the sum of the cosine of declination, the sine 

of declination, and the sine of Sun’s 

longitude by 4, and divide the product 
by 15, the quotient found will be what has been denominated 
the adva. Next square the sum and double the square and 
divide by 337, the quotient is to be substracted from 910678. 
Take the square-root of the remainder. That root must then 
be subtracted from the adya above found : the remainder will 
be the declination, when the radius is equal to 3438. From 
the declination the Sun’s longitude may be found.t 


A n:r,\ When the Sun has northern declination lie remains above the 
zon for one month in 67° N. i, 
tivo months in 69° 





248 Translation- of the [XIIl, 88. 

33. Given the sum of tlie sines of the declination and of the 
altitude of the Sun when in the prime 
Question. vertical; the taddheiti, the kujya and 

sine of amplitude equal to 9500, at a place where the pajabha 


Zap ( R + p) __ (a 2 - K 2 ) y 2 

R 2 + 2Ry + 2y 2 R 2 + 2Ky + 2y 2 ’ 

2«y(R + y) a 2 y 2 (R + y) = 



(R 2 + 2 Ry + 2y 2 ) 2 R 2 + 2 By + 2y 2 ’ 
II 4 p' 1 -f 2 R 3 p* -f 2R 1 p 3 —• ct* p* ■ 


(R 2 + 2R^ -f 2j? 2 ) 2 
R 2 ^? 2 


R 2 + 2 R p -f 2 p 2 (R 3 + 2R|? + 2 p 3 )- 
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[XIII. 06. 


Translation of the 


Questions. 


But dropping for a moment those questions of tho 
sjdmiantas involving a knowledge of 
the doctrine of the sphere, tell mo, my 
learned friend, why in finding the point of the ecliptic rising 
above the horizon at any given time, (that is the lagna or 
horoscope of that time,) you first calculate the Sun’s apparent 
or true place for that time, i. e. the Sun’s instantaneous place : 
and further tell me, when the Sun’s sa'vana day, i. e. terrestrial 
day, consists of 60 sidereal ghatikas and 10 palas, the lagna 
calculated for a whole terrestrial clay should be in advance of 
the Sun’s instantaneous place, and the lagna calculated for tho 
time equal to the terrestrial day minus 10 palas should be 
equal to the Sun’s instantaneous place. 

37. Are the ghatikas used in finding the lagna, ghatikas 
of sidereal or common savana time ? If they are savana 
ghatikas, then tell me why are the hours taken by tho. several 
signs of the ecliptic in rising, i. e. the kas'tudaya which are 
sidereal, subtracted from them, being of a different denomina¬ 
tion ? If on the other hand you say they are sidereal, then 
I ask why, in calculating the lagna for a period equal to a 
whole savana day i. e. 60 sidereal ghatikas and 10 palas, the 
lagna does not correspond with, but is somewhat in advance 
of, the Sun’s instantaneous place ; aud then why tho Sun’s 
instantaneous place is used in finding the lagna or horoscope.* 

38. Given the length of the shadow of gnomon at 10 gatis 
after sun-rise equal to 9 digits at a 
place whore the palabha in 5 digits ; 

tell me what is the longitude of the Sun, if you are nu fait in 
solving questions involving a knowledg^of the sphere.t 


Question. 


Thor 


150 


* [For niisv 
Cli.—13. D.T 
t [For solvi 
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VITL 49.] 

the livpofchemise equal to 15 digits, and the north bhtjja equal 
ro 1 diffit, to find the palabha. Or, given the declination 
equal to b4t> and only one liypothenuse and its corresponding’ 
hli\ a( tl c time, to find the palabha.”] 

4b. First of all multiply one bhuja of the shadow by the 
liypothenuse of the other, and the se- 
cond bhuja by the liypothenuse of the 
first: then take the difference of those two bhujas thus multi¬ 
plied, if they are both north or if both south, and their sum 
if of different denominations, and divide the difference or the 
sum by the difference of the two hypothenuses ; it will be the 
palabha.* 

49. How should lie who, like a man just drawn up from the 
bottom of a well, is utterly ignorant of 
Question. th e PALABTI / j the place of the Sun, the 

points of the compass, the number of the years elapsed from 


* The rale mentioned lieve for finding the palabha' when the two shadows’ 
ami their respective BHUJAS are given, is proved (Ims, 

Let h, =z the first liypothenuse of the shadow, 
b i = its corresponding bituja, 
ft. n =: the second liypothenuse, 
and bn = its corresponding Bntr.XA, 


As h t _ : 12 : : E : - = the first jiatta s'aNKU j 



rmd also ns lt x : \ B : —— = the first great imuJA , 

//j 

bn R 

p, - = flie second great biitjj.v 3 
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matics : excuse, therefore, my impudence, 0 learned astrono¬ 
mers, (in composing this work for which I tun not qualified). 

60. I, having lifted my folded hands to my forehead, beg 
the old and young astronomers (who live at this timel to 
excuse me for having refuted the (erroneous) rules prescribed 
by my predecessors; because, those who fix their belief in the 
rules of the predecessors will not know what is the truth, 
unless I refute the rules when I am going to state astronomical 

61. The learned Mahes'wara, the head of all astronomers, 

A > ]-. t i i y ^’ e mos ^ humoured man, the 

1 ’ store of all sciences, skilful iu the 

discussion of acts connected with law and religion, and a brah- 
mana descended from S'andilya (a muni), flourished in a city, 
thickly inhabited by learned and dull persons, virtuous men 
of all sorts, and men competent in the three Vedas, and situated 
near the mountain Sahya. 

62. His son, the poet and intelligent Bhaskaka, made this 
clear composition of the Siddhakta by the favour of the lotus¬ 
like feet of his father; this Siddhanta is the guidance for 
ignorant persons, propagator of delight to the learned astro¬ 
nomers, full of easy and elegant style and good proofs, easity 
comprehensible by the learned, and remover of mistaken ideas. 

63. I have repeated here some questions, which I have 
stated before, for persons who wish to stud}' only this Pras'na- 
dhyaya. 

6 k The genius of the person who studies these questions 
becomes unentangled, and flourishes like a creeping plant 
watered at its root by the consideration of the questions and 
answers, by getting hundreds of leaves of clear proofs, shoot¬ 
ing from the Spheric as from a bulbous root. 

End of the loth and last Chapter of the Goladhyaya of the 

SjDDHANTA-S'lROMANr. 





APPENDIX. 


ON THE CONSTRUCTION OF THE CANON OF • 
SINES. 

1. As the Astronomer can acquire the rank of an Acharya 
in the science only by a thorough knowledge of the mode of 
constructing- the canon of sines, Bhaskara therefore now pro¬ 
ceeds to treat upon this (interesting and manifold) subject in 
the hope of giving pleasure to accomplished astronomers. 

2 and 3. Draw a circle with a radius equal to any number 
of digits : mark on it the four points of the compass and 360°. 
Now by dividing 90° by the number of sines (you wish to draw- 
in a quadrant), you will get the arc of the first sine. This 
arc, when multiplied by 2, 3 &c., will successively be the arcs 
of other sines. Now set off the first arc on the circumference 
on both sides of one of the points of the compass and join tho 
extremities of these arcs by a transverse straight line, the half 
of which should be known the sine of the first arc : All the 
other sines are thus to be known. 

4. Or, now, I proceed to state those very sines by mathe¬ 
matical precision with exactness. The square-root of the dif¬ 
ference between the squares of the radius and the sine is cosine. 

5. Deduct the sine of an arc from the radius the remainder 
will be the versed sine of the complement of that arc, and the 
cosine of an arc deducted from the radius will give the versed 
sine of that arc. The versed sine lias been compared to the 



arrow between the bow and the bow-string : but here it has 
received the name of versed-sine. 

6. The half of the radius is the sine of 80° : the cosine of 
80° will then be the sine of G0°. The square-root of half 
square of radius will be the sine of 45c>. 

7. Deduct the square-root of five times the fourth power 
of radius from five times the square of radius and divide 
the remainder by 8 : the square-root of the quotient will be 
the sine of 36 0 . 

. Or y/ : ' a * 2 X ;> "^ v/! " lJ : * r> = sine 36°.* 

8. Or the radius multiplied by 5878 and divided by 10000 
will give the sine of 36°, (where the radius = 3438.) The 
cosine of this is the sine of 54°.f 

9. Deduct the radius from the square-root of the product of 


* [This is proved thus. 

Let « = sine 18°; an 
Then \/ 11 * v ° r3 7a . ° . 


id .'. E — a = covers 18° or vers 72 
= sine ’ 5 2 ° : (see (lie 10th verse.) 


A./ R (R — °) _ si 
2 

_V'5K=- R 


{r - f ( v /5 a 2 — R)1 — /LB 


f The Enle in 8th v< 
to be deduced from it; 


E X 587S 
10000 




= 2.237411 &c. 


•, 5 — = 2.762589 which divided by 8 = .345323 

_ ’ E X 5S78 

sine 36° = R ^.315323 = I t .5S78 =:-— L 
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aie square of radius and five and divide the remainder by 4 : 
the quotient thus found will give tlie exact sine of 18°.* 

10. Half the root of the sum of the squares of the sine 
and versed sine of any arc, is the sine of half that arc. Or, 
the sine of half that arc is the square-root of half the product 
of the radius and the versed sine. 

11- From the sine of any arc thus found, the sine of half 
the arc may be found (and so on with the half of this last). 
In like manner from the complement of any arc may be ascer¬ 
tained the sine of half the complement (and from that again 
the sine of half of the last arc). 

Thus the former Astronomers prescribed a mode for deter¬ 
mining the other sines (from a given one), but I proceed now 
to give a mode different from that stated by them. 

12. Deduct and add the product of radius and sine of 
bhuja from and to the square of radius and extract the square- 
roots of the halves of the results (thus found), these roots will 
respectively give the sines of the half of 90° decreased and 
increased by the bhxjja. 

In like manner, the sines of half of 90° decreased and in¬ 
creased by tlie koti can be found from assuming the cosine 
for the sine of bhuja. 

13. Take the sines of bhujas of two arcs and find their 
difference, then find also the difference of their cosines, square 
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Appendix, 

enec of them will bo preceding sine (i. e., the sine of arc 3°§ 
degrees less than original arc). 

20. But the first sine (or the sine of 3 0 J) is bore equal to 
224$ (and not to 225 as it is usually stated to be). By this 
rule 24 sines may be successively found.* 

21 and.22. If tlie sines of any two arcs of a quadrant be 

Kales fortmliiw the sines multiplied by tlieir cosines reciprocally 
of sum and difference of any (that is the sine of the first arc by 
" c ’ alC3, the cosine of the 2d and the sine of 

the 2d by the cosine of the first arc) and the two products 
divided by radius, then the quotients will, when added to¬ 
gether, be tlie sine of the sum of the two arcs, and the differ¬ 
ence of these quotients will be the sine of their difference.f 
This excellent rule called jva-bhIvana has been prescribed for 
ascertaining the other sines. 

23. This rule is of two sorts, the first of which is called 
samasa-bhavaxa (i. e., the rule for finding the sine of sum 
of two arcs) and the second axtaba-bhavana (i. e., the rule 
to find the sine of difference of arcs). 

[If it be desired to reduce the sines to the value of any 
other radius than that above given of 3438.] Find the first 
sine by the aid of the above-mentioned rule pkatibhagajtaka- 
vinni. 

24 and 25. And then reduce it to the value of any new 
radius by applying the proportion. After that apply the jva- 
bhavana rule through the aid of the first sine and the cosine 
thus found, for as many sines as are required. The sines will 
thus be 'successively eliminated to the value of any new radius. 

The rule given in my Pati or Li'lXvat! is not sufficiently 
accurate (for nice calculations) I have not therefore repeated 
here that rough rule. 

strltion.— b! B.] HAl4rA hn ' tW ,113 " 011 Wl0 ’°" t 
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